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3 Executive Summary

The objective of this project was to provide a solution to the acute problem in far eastern Asia where paddy
rice 1s harvested at hugh moisture contents (MCs) during the monsoon season This paddy must then be dned
rapidly to a safe MC 1n order to prevent it from molding and rotting However 1f the paddy 1s dried rapadly
from about 30% to the required safe MC the grains suffer stress resulting 1n cracking and breakage To
overcome this problem a two stage drying procedure has been advocated where the paddy 1s mitially dried to
18% (intermediate MC) at which stage yeast and bacterial activity are suppressed followed by a second stage
drying from 18 to 14% MC to prevent the development of storage molds However the drying problem is
compounded by the fact that most farmers do not have flash dryers and are obliged to sell thewrr grain directly to
the traders Even 1if 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 drying stage by providing them with a means of storing the intermediate MC paddy under tightly sealed
conditions and thereby prevent spoilage for prolonged periods until drying by sun or machine 1s agan an
available option

The present policy of the Filipino government is directed at providing small scale farmer cooperatives with on
site storage umts so as to decentrahize storage of the national grain reserve as well as provide rural
communities with a higher level of food security Implementation of this policy 1s under way and already the
concept of sealed storage to protect dry grain from insect infestation has been widely promoted together with
the distribution 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 umits of these storage structures were
purchased and distributed to farmers cooperative recipients nationwide Recently the government has
purchased an additional 300 units for distribution among farmer cooperatives through soft-loans This 1s being
done as a mitigating measure 1n anticipation of La Nifia

However the problem of harvesting motst paddy in the rainy season still remains  Although both the
previously developed storage technology and the present one are based on the same principle of hermetic
storage the objective of the present project was to employ the principle of self-regulated atmospheres caused
by aerobic metabohsm 1n order to arrest fungal development and preserve grain quality in paddy of
mtermediate MC Here to prevent spoilage oxygen depletion must be much greater and more rapid than that
required to control msects and 1t 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 trials could be initiated were - do the rates of oxygen
depletion obtainable by sealed storage of moist paddy prevent mold proliferation sufficiently 1n the damp
grain and - can hermetic storage of intermediate MC gramn be carried out without having a deleterious
mnfluence on the aroma taste and cooking qualities of the rice?

Both these aspects were studied during the first and second years with laboratory studies in the Philippines
being undertaken on the effect of hermetically sealed moist paddy stored for different time periods on
different quality parameters including mulling and organoleptic characteristics while 1n Israel studies with the
same paddy and also wheat were directed at evaluating rates of aerobic metabolism at different moisture
contents and temperatures as a basis for deterrining rates of oxygen depletion within the storage structures

In the first year a flexible storage structure of 10 tons capacity was manufactured from a plastic laminate
chosen from a series of materials that were screened to test their permeability to oxygen and carbon dioxide
Thus structure was field-tested prior to shipping for paddy storage trials to be undertaken 1n the Philippines

Although calculations indicated that the low permeability of the Liner matenal would give a sufficient seal to

reproduce laboratory conditions an additional factor was anticipated to have an influence on the storage
environment under field conditions This was the development of air convection currents within the stack that
carry motsture and deposit 1t at the top layer These currents develop when temperature gradients are formed as
a result of diurnal temperatute fluctuations This phenomenon was noted m the previous study when storage
cubes were set-up 1n un shaded sites As a counter measure an insulating layer of rice hulls was placed over
the top layer of bags and this solution was adopted as standard procedure However for the storage of



intermediate MC grain the situation 1s much more critical since any nise 1n MC above 18% 1s liable to enable
the anaerobic metabolism of bacteria and yeasts that have a strong influence on gram quahity particularly taste
and aroma

An mmproved solution developed during this project was the use of an external reflective shade cover placed
over the storage cube in order to reduce temperature gradients within the grain and thereby mimmuize the
moisture migration phenomenon Imtial trials that were carried out 1n both countries 1n the second year were
mconclusive However after modifications further trials carried out during the third year 1n both countries
gave positive results that have led to adoption of this concept for all outdoor storage in plastic liners and
inclusion of reflective covers 1n the standard commercial kits

It was clearly demonstrated 1n the first year that the rates of oxygen depletion 1 hermetically sealed most
paddy could prevent mold proliferation but the effects of hermetic storage upon paddy quahty took longer to
evajuate than planned as this required repeat experiments to enable in-depth evaluations of cooking and
acceptability parameters that were carried out by Prof Del Mundo at the University of the Philippines Los
Bafios after 1 3 and 6 months of storage The project findings indicated that after I month quality of sealed
paddy stored at up to 18%MC had not deteriorated 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) deteriorated progressively and the grain was no
longer acceptable by the taste panels These findings enable the following 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% MC can be extended to two (2) months
field trals) For 15% MC can be extended to three (3) months
For 14% MC still the recommended level for long term paddy storage

In conclusion the present widespread implementation of the hermetic storage technology at the cooperative
and village level throughout the Philippines has been backed up with BPRE nitiated on-the-spot extension
courses Many aspects of this technology have not yet been explored especially field vahidation of the
laboratory findings at 15 17% MC However will we anticipate that this enterprise will serve as a starting
pont for the adoption of hermetic storage to protect paddy of mtermediate MC until 1t can be dried



4 Research Objectives

Rice 1s one of the most immportant food crops 1n the world and dependence upon 1ts
availability 1s a determining factor for food security of large sectors of the predominantly
rural population and also the urban poor In Asia, rice i1s the major cereal crop, and 1n many
countries national policy 1s towards self sufficiency and export This has been achieved by
the development of high yielding varieties with reduced growing seasons that have enabled
farmers to produce larger harvests However, the double cropping of early maturing varieties
requires harvesting to take place during the monsoon season when the moist gramns cannot
be sun dried Most of the rice 1s grown by small scale farmers who possess neither storage,
nor artificial drying facilities Consequently losses after harvest (before the grain can be sun-
dried) due to mold development are high, or the grain has to be sold immediately to traders
who have the facilities to dry 1t rapidly Therefore the farmer is unable to control the price of
his harvested paddy at the farm-gate and 1s obliged to sell at the moment of glut when prices
are lowest This problem of harvesting moist HYV paddy during the monsoon season has
been recognized as THE major cause for losses by the small scale farmer (see FAO-
IRRI/AED Rice Post-Harvest Conference summary by Dante de Padua, 20 10 97)

In the Philippines, more than half of the total annual local production of paddy-rice 1s
harvested during the wet season (Philippine Agribusiness Fact Book and Directory, 1991-
1992) Paddy 1s usually harvested at 20 to 21% MC durnng the dry season and 28 to 30%
MC during the wet season (Mendoza et al, 1984) In a survey conducted by Tolentino et al
(1992), the purchase of wet paddy by rice traders in Bulacan and Nueva Ec1ja provinces 18
about 53% of the total volume produced during the wet season and 13% of the total volume
during the dry season This indicates the high volume of wet paddy handled during the rainy
season

The use of mechanical dryers has been so far the recogmized method of preventing
detertoration of wet paddy during the rainy season However, the high cost of investment,
maintenance and operation, are among the constraints limiting the adoption of this method
especially m rural areas (Bermundo and Quambao, 1984, Lorenzana, 1985) To this day,
sun drying continues to be the most favored method of drying paddy Thus during the rainy
season, farmers and traders alike are forced to wait for the sun to shine

A rapid change in the quality of paddy has been observed when drying 1s not carried
out immediately after harvest Rice yellowing (generally attributed to heating and
microorganism activity), increases significantly after two weeks and one month delays in
drying of paddy with an imtial MC of 23-25% and 20-22%, respectively Likewise, for
paddy with an imitial MC of 30%, yellowing increases significantly after 2 days delay mn
drying (Mendoza et al 1982) The increase m yellow kernels in milled rice creates an
economic problem for producers and traders because yellow rice commands a low price 1n
the market Mendoza and Quitco (1984) provide computations of monetary losses due to
yellowing As a result of yellowing 1t has been estimated that up to 30% of the value of the
country's total stocks 1s lost (Anon, 1988) Rice yellowing of moist paddy has also been
investigated 1n Indonesia including 1solation of associated fungi (Phillips et al, 1989) Other
evaluations of deterioration of moist paddy under aerobic conditions were used by Matsuda
et al (1974) including fat acidity and germination as qualitative indices and odor as a



qualitative index

The difficulty m adoption of mechanical dryers necessitates the exammation of
alternative solutions to the fungal deterioration of wet paddy The use of chemicals (such as
propionic acid) in the storage of wet paddy has been found effective in inhibiting
deterioration due to fungi However, this has posed some limitations due primanly to 1ts
prohibitive cost

The use of airtight conditions or modified atmospheres for preventing deterioration
of high moisture paddy during temporary storage until 1t can be dried, offers a novel
possibility for farmers to maintain quality for prolonged periods In rice, most storage fungi
are nhibited by atmospheres with less than 1% O,, (Richard-Molard et al, 1986), whereas

carbon dioxide (CO,) concentrations 1 air of greater than 80% may be required to prevent

fungal deterioration of high moisture commodities (Hocking, 1991)

The present policy of BPRE (formerly NAPHIRE) advocates two stage drying,
whereby high moisture paddy should be dried down to below 18% MC 1n the first stage to
minimize rapid deterioration followed later by drying of intermediate motsture paddy down
to 14% MC (Andales, 1987) This project therefore aimed at finding an alternative to the
second stage of drymng or to delay the need to undertake the second drying stage beyond the
presently acceptable holding period of 21 days (Quitco 1983)

The project's hypothesis 1s that at MCs below the level permitting bacterial growth,
namely at water activity (a,,) <0 87, most storage fung: are fully inhibited in atmospheres

contamnng less than 1% O, In addition, risks of mycotoxin production are nullified at
reduced O9 concentrations (Paster, 1987, Paster and Bullerman, 1988)

However, the influence of intrinsic and extrinsic factors governing microfloral
activity of moist grain, and particularly paddy, under hermetic storage, requires further
clartfication 1n order to reveal the inter-relationships i the "gram-microflora” ecosystem
An mmportant aspect of this research project which needs further elucidation, 1s the aerobic
stability of paddy after opening the hermetic structures and prior to its utithzation for human
consumption (Diawara et al, 1986 ) This matter has not yet been clarified

The storage of grain in gastight structures 1s a well known method to prevent insect
activity 1n dry grains, and has been applied 1n practice including storage of grain n flexible
plastic enclosures (Donahaye et al, 1991, Navarro and Donahaye, 1988) Therefore 1t was
postulated that the plastic industry 1s now capable of manufacturing durable, weather
resistant liners to a degree of gas tightness that will restrict microfloral activity

The objective of preventing losses using the aspects of microfloral and atmospheric
gas composition interactions has not yet been addressed to problems encountered 1n tropical
countries The sparse literature on hermetic storage 1n the tropics has been based on the use
of gastight metal structures These tends to be susceptible to the establishment of
temperature fluctuations that cause moisture migration and also encourage air nfiltration
caused by a pumping effect through leaks due to pressure differentials Preliminary
experiments using flexible liners 1n the tropics indicate that these problems can be
significantly alleviated with encouraging results (Donahaye et al 1991, Navarro and
Donahaye 1985, Navarro and Donahaye 1988)



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 ay, 0 87

(equivalent to about 18% MC), by mhibiting fungal development For this purpose, a
flexible plastic structure was designed with a sufficiently tight hermetic seal that the self-
generated metabolic activity of the paddy reduces oxygen concentrations to below 1% This
should enable the paddy to be stored without microbial damage until mechanical dryers
become available, or sun-drying can be carried out at leisure, or in countries where
parboiling or steam-boiling are practiced, the paddy can be processed

The mnovative aspect of this research 1s that it was the first attempt at providing a
technologically sound alternative to two-stage drying, and at the same time providing the
farmer with the means of delaying sale of his harvested grain until the price 1s right

Present national policies are directed towards decentralizing storage reserves by mcreasing
storage capacity 1n rural areas Consequently, flexible sealed storage structures as developed
in a previous CDR project (C7-053) are now being increasingly used in the Philippines at
the cooperative level Therefore this storage concept dovetails with existing policy trends

5 Methods and Results
5 1 Laboratory studies on factors affecting grain conservation under gas-tight
condrtions (Israel)

The objective of the first laboratory studies, before field trials could be 1nitiated, was
to examine the rates of oxygen depletion obtamable by metabolic activity under sealed
storage of moist paddy and then verify how these rates would affect germination, and
whether they could effectively prevent mold proliferation in the damp grain

5 1.1 Metabolic activity

Respiration studies were undertaken to evaluate paddy conservation under different
combrnations of water activity and temperature A parallel series of experiments was carried
out on wheat both for comparative purposes, and 1n order to provide data for preliminary
field tnals with experimental storage containers to be carried out 1n Israel, using wheat as a
substitute for paddy

1) Paddy

In order to determine 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
corresponding to the following water activities ay, 075,080,085,088 & 090

The experiments were undertaken at 25, 30° and 35°C, for three storage durations of
1, 3, and 6 months A rice variety widely planted in the Philippines (IRRI 64) was used for
the experiment Paddy that arrived from the Philippines at an initial MC of 13 06% was
moistened to the desired MCs before the start of the experiment After moistening, glass jars



were filled with paddy (370 g/jar) The jars were sealed hermetically with screw type metal
covers equipped with septa for gas sampling, and transferred to thermostatically maintained
chambers at the desired temperatures The rates of respiratory metabolism as expressed by
O, intake and CO, output were determined at regular graded intervals, by gas
chromatography using a thermal conductivity detector To evaluate metabolic activity inside
the sealed system, the absolute weight of O, consumed by the grain was calculated To do

this, a manometric method using transducers was used to determine the interstitial space and
headspace of the grain 1n the experimental jars Paddy that arrived from the Philippines was
derived from the same lots as those used by BPRE for their laboratory experiments (see
Section 52) Two sets of experiments were carried out because the first consignment of
paddy was later found to consist of rain damaged grain with an 1nitial germination level of
23% Therefore the laboratory trials in both the Philippines and Israel were repeated using
high quality paddy with a germination rate of 91%

The experiment was divided into two trials The first was designed to record rates of
change 1n gas composition under completely sealed conditions The principal findings of this
trial have been published (Donahaye et al 1998) and are not reported 1n detail here They
can be summarized as follows For good quality paddy, at all three temperatures, there was
an approximate doubling (x 1 7) in respiration rate for every unit increase in MC over the
range tested, and for rain damaged paddy, this ratio was shightly higher (up to x 19)
Similarly, for every 5°C increase in temperature, the increase 1n respiration ranged from x
17 to x 22 for good quality paddy, and for rain damaged paddy fromx 1 5t0x 195 A
linear relationship was found between respiration rates expressed as log of oxygen
consumption 1n mg O,/100g/dry matter/ day plotted against paddy MC For 18% MC at

35°C, respiration rate of high quality paddy was 20 36 mg O,/100g dry matter/day, and for
14% MC paddy at 25°C 1t was 0 604 mg O,/100g dry matter/day For the same temperatures
and MCs the low quality paddy gave values of 17 175 and 0 585 mg 0,/100g dry

matter/day

1) Wheat

In order to prepare for the pilot-scale field trial to be carried out 1n Israel, where
wheat 1s the only conveniently available cereal grain, an identical trial was carried out using
wheat moistened from an mitial 9 79% MC to the same range of target MCs and held over
the same range of temperatures Rates of O, consumption and CO, 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 inside the sealed jars under different temperatures 1s given m Fig 2

The Figures show that for wheat, the rates of self-regulation of atmospheres 1n 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



different moisture contents m gas tight containers at 35°C
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Fig 2 Effect of moisture content and temperature on the metabolic activity of wheat 1 a
gas-tight container

180
3 @ 3¢ y=29606 1037EOIx ;2 jgE 0o
& 30° y- E07 w0IEOIx 22E.00
o 5 y._0006 109926x 2_g950

0 ygen (mg / 100g DM / 24hrs)

ao T - T T T T *
13 14 15 16 17 18
Ma stu e conte t (%)

51 2 Effect of gas-tight conditions on fungal contammation
1) paddy

This trial carried out both on rain damaged paddy and good quality paddy, was
designed to evaluate the influence of the atmospheres so obtained on microfloral growth
Glass vials (100 ml) were filled with paddy mozstened to the desired MCs Contrary to the
respiration trials, gas samples were only taken directly after sealing, and a day later to venify
gas-tightness Final gas samples were taken at the end of the trial, immediately prior to
opentng the vials for analysis of microflora Final MC determination of each sample was
also measured at this stage

Fungal contamination was evaluated using a standard plating method after 0, 1, 4,
and 6 months of sealed storage The data obtained on total fungt 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



good quality paddy, are given in Fig 3
Fig 3 Fungal counts of good quality paddy taken before gas-tight sealed storage, and after
one to s1x months of storage at 14 and 18% MC and three temperatures
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1) wheat
An 1dentically designed trial to examine the effect of hermetic storage on the fungal
count of wheat, gave similar trends n reduction of fungal count to that of paddy, though
mntial infection was 1n the order of 1,000 CFU/g (as against 100,000 CFU/g for paddy)
Selected results are provided 1n 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 temperatures
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51 3 Germination

Although 1t has been shown by us that hermetically stored dry paddy retamns its
germination capacity well (Navarro et al 1996), to the best of our knowledge the rates of
decrease 1n germination of paddy at intermediate MCs have not been documented Although
such grain 1s not destined for seed, the germination ndex 1s of value in that 1t influences the
potential of the grain for subsequent storage The low levels of germination obtained for the
first consignment of paddy received in Israel, served as a warning that this was poor quality
rain-damaged grain that required the experiments to be repeated in the second year



Results of germination of the good quality paddy and wheat during gas-tight sealed
storage are given 1n Fig 5

Fig 5 Effect of 4 month exposure under gas-tight seal at three temperatures on the
germunation of paddy (at 14 and 18% MC), and 6 months exposure on the germination of
wheat (at 14 and 17% MC)
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From the Figure 1t 1s clear that for both wheat and paddy there 1s a negative
correlation between both MC and temperature, and germmation For paddy, at 18% MC and
35°C, germunation fell to zero within one month, whereas at 14% MC and 25°C 1t was still
high after 3 months Intermediate MCs and temperatures (not shown n 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% germination was retained after 4 months

52 Laboratory studies on factors affecting paddy conservation under gas-tight
conditions (Philippines)

Studies 1n the Philippines were devoted to evaluating the influence of hermetic
storage on the quality conservation of paddy at different water activities Poor quality paddy
was used 1mitially (not detailed 1n this report), followed by good quality paddy as in the
Israel: trials, and the same methodology for adjusting the paddy to different MCs was
employed

5 2 1 Methodology

For the good quality paddy experiment, two trials were conducted The first was
undertaken for four weeks (Jan to Feb 1997), while the second trial was continued for six
months (October 1997 to April 1998) The longer storage durations of the second trial was
to test the himits of the system 1n protecting moist paddy from quality deterioration
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Experimental stock and set-up The same five MC levels were used as i Israel In addition,
quality evaluations were carrted out after five storage periods, namely 0, 1, 2, 3, 4 weeks for
the first trial and seven storage periods, namely 0, 1, 2, 3, 4, 5, 6 months for the second trial

The entire experiment was undertaken at ambient conditions

A standard experimental procedure (not described here) was used to achieve homogeneity of
test matertal and to condition the paddy to the different MCs The conditioned paddy at the
target MCs was placed separately 1n 3 5L glass jars with screw on metal id and gasket seal

To enable gas sampling, a hole was drilled 1n the id and fitted with a plastic hose Each jar
contamed 1 5 kg of paddy In addition, one part of the paddy at 14% MC was kept 1n jars
covered with filter paper, to serve as control under aerobic conditions There were three
replicates for each treatment Codes given 1n the figures are as follows

Treatments Code Initial conditions
Unsealed control UCc MCl4 14% MC not sealed but with filter paper
cover

Sealed control SCMCi4 14% MC sealed

Treatment 1 MC 15 15% MC sealed

Treatment 2 MC 16 16% MC sealed

Treatment 3 MC 17 17% MC sealed

Treatment 4 MC 18 18% MC sealed

Parameters measured The physical parameters measured were CO, and O, concentrations,

ambient temperature and relative humidity, MC and a,, The effects of hermetic storage on

the quality of stored paddy were assessed using the following parameters with analysis of
samples that were taken at the start, and at the end of each storage period

% yellow kernels
Minolta b* value

% milling recovery
% headrice recovery
Microfloral load

N B W N e

Sensory evaluation

For brevity, details of the methodology used 1n analysis of the first five parameters
mentioned above, are not included here, but will be detailed 1n future publications

Prof M Del Mundo, and Angelina Felix of the Institute of Human Nutrition and
Food, University of the Philippines, Los Bafios Laguna conducted the sensory evaluation
This consisted of an evaluation of the cooking and eating qualities of the rice 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 corresponding cooked milled rice
Two kg freshly milled rice samples from each treatment were sent to UPLB after every
sampling period

Cooking trials to measure optimum cooking 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 Cooking and
sensory assessments were conducted following the procedure of Del Mundo (1991)

Variation n terms of the cooking parameters (% height increase and cooking time),
% acceptability and preference scores were obtained across MC's for the different storage
pertods Cooked sensory qualities such as flavor, tenderness, cohesiveness and gloss were
compared among the experimental samples

5 2 2 Results and Discussion
1) Physical parameters

Carbon dioxide and Ox) gen concentration Rates of O, depletion and CO, build-up within

the sealed jars were very similar to those recorded by the Israeli partners and are not detailed
here One aspect of the gas monitoring was to verify that the hermetic seal had not been
broken so that samples for quality analysis truly reflected the target conditions
Ambient temperature and relative humidity Average ambient temperature and relative
humidity recorded during the first laboratory trial were 28 7°C (23 3 to 37 1°C) and 575 %
RH (455 to 69 3% RH), respectively During the second laboratory trial, the average
ambient temperature and relative humidity recorded were 29 8°C (24 4 to 37 9°C) and 56 9%
RH, (30 1 to 74 2% RH) respectively
Mousture Content and water activity The paddy received from procurement and prior to
conditioning for the first and second trials had average MCs of 11 4% and 11 0% and
germination rates of 84% and 96%, respectively

The average MCs and water activities of the different paddy treatments for both trials

at the start of the experiments, are given i Table 1 Minor changes in MC were observed at
various storage intervals throughout the duration of both trials 1n all treatments under
hermetic storage The MC of the untreated controls for both trials tended to decrease This
decrease in MC was anticipated because of the low ambient relative humidity, which
triggered the drying effect On the other hand, the paddy in sealed jars manmifested shght
increments in MC this additional water being the product of respiration

Table 1 Average mitial MC and a,y of paddy

Trial 1 Tral 0
Treatments MC Ay MC ay
Unsealed C MCl14 139% 079 14 1% 075
Sealed C MCI14 139% 079 14 1% 075
MCI15 15 1% 0382 153% 080
MC16 15 9% 033 16 3% 085
MCI17 16 9% 0385 174% 088
MC18 18 0% 087 184% 091
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11) Gram quality parameters

Yellowing and b* value Changes in percent yellow kernels, as visually assessed, are shown
in Fig 6 Both this and the changes 1n yellowness as measured by the Minolta Chroma meter,
indicate an increasing tiend in grain yellowing n all MC levels as storage progressed

Levels of yellowing 1n all treatments were still acceptable and under the 2% maximum
yellowing limit set for Grade 1 milled rice by the National Food Authority (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 1n levels of yellow kernels in hermetically stored paddy at different MCs
under laboratory conditions

Milling and headrice recovery 1t was noted that right from the start of the experiment, the
milling and headrice recoveries were low This condition could be brought about by grain
conditioning which includes re-wetting and storage at very low temperature (2 + 1°C) This
process probably caused moisture stress leading to kernel fissuring and breakage

Mucrofloral load The dominant fungal species observed from the samples prior to storage
were Aspergillus flavus and Fusarium oxysporum Other species observed but at low
incidence were Aspeigillus fumigatus, Eurotium amstelodami, Fusarium poae and
Syncephalastrum racemosum Fungal species such as Eurofium chevalier: and Fusarium
semutectum were also 1solated during the intermediate sampling periods

The average initial total percent infection m the various treatments ranged from 21%
to 26% After 28 days of storage changes in total percent infection varied with MC levels
Average total percent infection n paddy at the lower MCs (UCMC14, TCMC14, MC15,
MCI16) increased 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
mit1al infections of A flavus (90 - 100%) and F oxysporum (96 7 - 100%) whereas, paddy
conditioned at 14, 15 and 16% were also found infected by A flavus (10 -70%), A
fumigaius (0 - 16 7%), E amstelodami (0 - 6 7%) F poae (0 - 6 7%), F oxysporum © -
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60%) and S racemosum (0 - 3 3%)

At the end of the tnial, fungal infection 1n sealed paddy samples at 17 - 18% MC
were significantly reduced Percent fungal infection with A flavus was reduced to 3 3 - 30%
and with F' oxysporum to 0% Fungal infection 1n the sealed paddy samples at 14, 15 and
16% MC did not significantly change, perhaps because the O, remained at shightly higher
levels during storage period

Results of the microbial analysis 1 the second laboratory trial ( 6 month duration)
showed that imtially, nine fungal species were found infecting the paddy, the most common
species at all MC levels being A flavus, E chevalieri, E amstelodami, Mucor circinelloides
and F oxysporum Other less frequent fung: were Aspergillus miger, A fumigatus,
Curvularia lunata and Neosatorya fischert During the first three months, Eurofium species
and N fischer: were noted to be infecting paddy at lower MCs (14%-16%) While A oryzae
and Penictllium citreonigrum prevailed m paddy at 15%-18% MC For the 4th and 5th
months, Aspergilius ochraceous was prevalent 1n paddy at 15%-17% MC, while E
amstelodam: and E chevalier: remained infecting paddy at the lower MCs (14% and 15%)

It was shown that A flavus was present at all MCs throughout the storage time
However, after 6 months, growth of Furotium sp and N fischer: were suppiessed Non
suppression of Byssochalmys nivea and Penicillium was observed at 18% MC, implying that
the modified atmosphere obtained by hermetic storage did not affect these species

Bacterial populations rose sharply after a month of storage i paddy held at 18%
MC, while 1n the paddy at 17% MC this occurred after 2 months of holding As aresult, a
strong foul odor developed n these grains

Sensory evaluation (This section 1s part of a full, detailed report provided by Prof del
Mundo and Ms Felix, in 1998, see Appendix 2 Results of the preliminary tnal using rain
damaged paddy 1s not included here)

In the trial using good quality paddy, correlation analysis disclosed no significant
differences in terms of cooking time across MCs and storage durations Cooked rice aroma,
taste, tenderness cohesiveness, color and gloss were negatively correlated with MC and
storage duration of stored paddy These characteristics became inferior at higher MC level
and longer storage period Among these attributes, aroma and flavor had the strongest
negative correlation with MC and storage duration The poor acceptability and preference
for cooked milled rice samples from paddy stored at 16% to 18% MC was primarily dictated
by the presence of fermented smell in these samples In the raw form, wholeness of grains
and color were found to have a significant negative correlation with MC and storage
duration Milled rice samples from paddy stored at lower MCs had whiter shade of color and
a higher proportion of whole grains compared to milled rice samples from paddy stored at
higher MCs As the lengths of paddy storage increased and at the higher MCs, color of the
rice tended towards a creamy to grayish shade and broken grams became more evident
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5 3 Pilot scale studies on facters affecting grain 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 material was chosen and a 15 m’ storage structure was
fabricated from the mateiial

The gas-tight seal of the structure was tested by inflation 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 resulits may be compared with those of a 15m® Volcam cube used for
dry grain storage (fig 7)
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Fig 7 Pressure decay tests carried out on a standard Volcani cube and a laminated cube for
evaluation of permeability indices

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 respiration rates
obtained 1n the laboratory) to determine the amount of wheat required to be moistened 1n
order to obtain rapid reduction in 0, levels as a simulation of conditions 1n the Philippines

The required amount of wheat 1n 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 trial was nitiated under winter conditions
with low ambient temperatures the results confirmed that intermediate MC gram 1s capable
of rapidly reducing O, concentrations under field conditions, (see also Section 552 1)

This trial stimulated the speculation that if all the grain 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
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advantageous because of the large price differential between the two structures It was
decided on the basis of this trial to try to compare the "improved" and normal cube for the
field trials in the Philippines

5 4 Reflective covers (Israel and Palippines)
541 Introduction One significant finding of the previous CDR project (Navarro et al
1996), was that under Philippine conditions, for dry grain stored in cubes outdoors with no
shade, the diurnal temperature fluctuations of the ambient created temperature gradients
within the cubes that caused convection currents to carry moisture to the top of the gran
stack To overcome this an upper insulating layer of bags containing rice hulls was
advocated This method effectively solved the problem but also suffered from several
mherent disadvantages namely reduction imn 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 gramn Under Philippine conditions 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 1t was envisaged fiom the outset that when intermediate MC gramn 1s
stored outdoors n the field this phenomenon would also occur and would probably be even
more acute

In a search to find an alternative inexpensive and convenient method of insulating
the stack from diurnal temperature fluctuations, the use of a knitted shade cloth as a thermal
screen and formed from aluminium coated high density polyethylene threads named
“Polysac - Alumimet” was investigated

Inmitial trials 1n Israel were carried out during October-December of 1996, followed
by further trials both i Israel and the Philippines during the summers of 1997 and 1998

5 4 2 Methodology and Results (Israel)

A detailed desciiption of these trials will be provided 1n a paper presented at the
upcoming 19th ASEAN Seminar on Postharvest Technology to be held 1n Ho Chi Min City
Vietnam in November 1999, (see appendix 3) A brief summary 1s as follows
Several types of woven material were tested The mmtial trial 1in Israel was directed at
comparing 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 msulating effect of the two types was examined both when the cover was spread
directly over the top of the lmer and also when 1t was separated from the liner by a distance
of 10 cm using spacers Results of this tnal were inconclusive though they indicated a
decrease 1n temperatuie gradient when protected by the cover Therefore a follow-up was
done 1n which temperature measurements were recorded using data-loggers specially
purchased to enable temperature gradients to be monitored at mght-time, when condensation
problems are more acute However, 1n this case, where entire covers were used using a 7-
days on and 7-days off regime the problem of fixing the cover above the cube became
evident To solve the pioblem 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, 1n this way the sides of the space above the cube were sealed by the cover We
believe that although there was a small reduction n 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 in trapping the heat between the cover and liner This prevented free air
movement above the liner during the daytime, and may also have had a negative effect on
reducing nighttime temperature gradients The final trial m Israel was designed to overcome
this problem (Fig 8 c¢)

Fig 8 Reflective covers showing a) cover clamped over cube with spacers (Philippines), b)
cover suspended above cube (Philippines), c) cover raised above cube with spacers (Israel)

In this trial the reflective cover was stretched over the top of the cube using 20cm
spacers, and care was taken to ensure that the cover was not brought down at the periphery,
but remained with a gap to permit free air movement beneath the cover The cover was
removed and replaced at weekly intervals so that three alternating series of recordings were
obtained A summary of the amassed data 1s provided in Table 2

The Table clearly shows the attenuation in daily temperature fluctuations caused by
the reflective cover Over the course of the tnal, the average daily temperature above the
liner was about 7 degrees lower, with the cover in place, than without 1t and this was
particularly evident during the day-time (hours of sunlight) when there was a 10 to 15
degree temperature difference



Table 2 Average weekly temperatures and temperature gradients recorded with and
without a 1eflective cover placed above a 10 ton capacity storage cube at Bet Dagan
Israel (28th March to 10th June 1998)

a) Weekly averages of 24 hour recordings

Week }reflectn e above 'below hner 10cmm  |Ambient |Temp Temp Temp
(1998) icover {hmer temp gradient |gradient |gradient
| L Ay (B) <€) (A-B) (A-C) (B-C)
Average With 227 223 217 216 04 11 06
Average Without 269 26 1 239 226 24 46 22

b} Weekly day timic averages of sunlight hows (9am to 6pm)

Week 'reflective ;above {below limer 10cm |Ambient |Temp Temp Temp
(1998) lcover line1 ; Temp gradient |gradient |gradient
| LW | ® (©) AB) | A0 | B0
Average  |With 292 | 271 211 263 21 81 60
Average  |Without 435 | 358 233 267 78 203 125

¢) Weekly might time tvery2es (7pm to 8am)

Week reflective  above below liner 10cm |Ambient [Temp Temp Temp
(1998) covel liner Temp gradient |gradient igradient
(\} (B) (©) (A-B) A0 B-C)
Average With LR 189 220 183 -038 -39 32
Average  [Without | 1b3 195 243 196 12 -6 0 48

The data obtained indicate that theie 1s a continuous rhythm of convection currents due to
temperature gradients when during the night moisture 1s transported to the surface layers
and during the day-timc the surface layers lose moisture as they heat up Under Israeh
climatic conditions we showed (Navarro et al , 1996) that throughout the year there 1s no
marked net-moisture tiansfer to the surface 1n the storage cubes, and no special precautions
need be taken However previous trials carried out in the Philippines showed that there was
a contimuous piocess of moisture transfer to the surface due to the fact that the net
moistening ettect at night was greater than the net drying effect during the day Therefore 1t
was evident that it this reflective liner 1s to meet the requirements for the storage of dry
grain (as a 1eplacement tor the insulating top layer of agricultural wastes as a requisite i the
present storage method) or for storage of intermediate moisture-content gram under tropical
conditions tield tiials had to be undertaken 1n the Philippines including an examination of
grain moistuie content at the top surface after storage

5 4 3 Methodology and Results (Philippines)

The first two titais in the Phulippines also 1evealed the attenuating influence on temperature
gradients due to the retlective covers when properly positioned and these results are not
reported here This summaiy 1s confined to the third trial since 1t incorporated an
examination of MCs 1t the top of the stacks at the beginning and end of storage (see also
Section 5 5) This tnal was carried out mn conjunction with a field trial for storage of moist
paddy using the low peimeability cube (6 months) and the standard cube (3 months) to
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evaluate quality An additional cube containing dry paddy at 14% MC, (5 months) was set
up under a reflective cover but was not monitored for temperature gradients

In this trial a single layer reflective cover was erected over both cubes using a series of poles
and guy ropes to create 4 tent shaped cover that also partially protected the sides (Fig 8b)
Temperatures were logged hourly on a 24 h basis above the liners, below the liners, 10 cm
within the upper grain layer, and in the central core of the stacks, thus permitting an
evaluation to be made on the effect of the covers on temperature gradients during the nmight-
time hours

Calculations based on temperatuie read-outs show that 1f 18% MC paddy has an equivalent
EMH of 92% RH the water content of the air at 10 cm depth, would be about 25 1g/m’ at
27 6°C If this air nises due to the might-time temperature gradient and cools at the surface
below the liner to 25 C then at 100% RH 1t would contamn 23 1g/m’ Namely there would be
a condensation of 1 8§ gm for every cubic meter of air reaching the upper surface However,
this represents the worst-possible-scenario Although the calculations show that for most of
the nmight duration, air at 92% RH (=18% grain EMC) would become saturated when 1n
contact with the upper plastic liner, the very small temperature gradient would produce only
feeble convection currents In order to evaluate the net effect of moistening of the surface
layer at might-time and drymg during the day-time, the MCs at the top of the stack were
examined after 3 and 6 months These findings are given in Tables 3 and 4 A full report of
this trial 1s given elsewhere

Three months storage From Table 3 1t can be seen that after 3 months, moisture migration
had caused an increase of 4% MC 1n the top layer and 2% MC 1n the second layer Since
MCs above 18% (EMH = 92%) enable the development of yeasts and bacteria that cause
rotting and the development of unpleasant odors, the organoleptic charactenstics of the
paddy were also seriously affected (see field trial report by Prof del Mundo Appendix 3)

Table 3 Average moisture contents of intermediate moisture content paddy hermetically
stored 1n a Volcani cube for 3 months

Position  |Three Begmmng 3 months |Composite sample Average
composite from all bags m 3 readings
samples each layer of stack
Average 6 22-Nov-98 23-Feb-99 23-Feb-99
readings

Top (1) 1 180 193 1 (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
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Table 4 Average moisture contents of intermediate moisture content paddy hermetically
stored 1 a Volcani cube for 6 months 1n the Philippines

Position [Three Beginning | 6 months Composite sample Average
Composite Jfrom all bags in 3 readmgs
samples each layer of stack

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

6 readings

Top (1) 1 183 24 8 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

Six months storage Table 4 shows that convection currents caused an even greater increase
in MC of the upper layers for the 6 month storage pertod However, here again the
accumulation of moisture was only noted 1n the top two layers The acceptability parameters
(very strong fermented odors) of the rice milled from this paddy were so low that analysis of
the cooked rice was not deemed necessary (see del Mundo Report Appendix 3)

Dry gran storage This cube was only protected by the reflective cover, while the normally
employed protective upper layer of bags containing rice husks was not used At the end of
the 5 month storage period, the stack was opened and examined, and although no detailed
examination of moisture contents by stack layer was undertaken, the spot tests at the top of
the cube revealed that no perceptible increase in moisture contents had occurred and the
grain was dry throughout the stack

5 5 Field Trals - Philippines
5 51 Matenals and methods

Two outdoor trials were carried out at the BPRE, CLSU Compound, Mufioz, Nueva
Ecyja, both to test the flexible liner as an alternative storage system for preserving wet grain
quality under Filipino conditions, and to determine the effect of reflective covers in reducing
temperature fluctuations as reported 1 Section 5 4 Table 5 summarizes the mitial field trial
parameters

Experimental stocks In the first trial, the paddy used was freshly harvested IR-64 variety
certified seed from a single farm lot The MC ranged from 20 6 % to 21 3% A day after
receipt, the stock was sun dried to 17 0 to 18 3%MC The following day, two hundred and
six bags were stacked in the Volcan1 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 22 0% to 24 0%, and after
mechanical drying ranged from 17 8% to 18 4%
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Table 5 List of field trials carried out to determine the storability of intermediate moisture
paddy 1n hermetic storage 1n the Philippines climate conditions

Field Stack Storage structure Treatment No off Capacity | Imtial MC | Duration
Tnal #f Code Gastight | Control| Bags (tonnes) Range (%) | (days)

I S1 | Lamunated Volcam cube X 206 764 170 183 30

I 52 | Ordinary tarpaulin X 20 0 88 136 145 30

1 S3 | Ordinary tarpaulin X 20 074 170-183 30

I S4 | Volcani cube X 184 9 87 178 184 93

11 S5 | Lamnated Volcan cube X 180 983 178-184 | 180

11 $6 | Ordmnary tarpaulin X 20 096 178-184 | 180*

I 57 | Ordmnary tarpaulin X 20 095 138-144 | 180

* samples were taken on the 93™ day of storage at the top and along the periphery of the stack to serve as
control for S4

Preparation _of storage site and construction of stacks This was carried out according to
standard procedure developed earlier (see Navarro et al , 1996) The experimental paddy
was bagged 1n 50-kg polypropylene sacks For the first field trial, the paddy was stacked in a
15m® laminated Volcani cube tailored from heavy-duty sheeting, UV-protected, of food-
grade quality simular to the one pre-tested in Israel (S1) The laminated Volcan: cube was
further covered with a reflective awning (Fig 8) In addition, two control stacks of 14% MC
coded as S2 and 18% MC coded as S3 were piled on wooden pallets and covered with
ordinary white tarpaulin sheets only

For the second tral, a non-laminated (coded S4) and a laminated (coded S5) Volcam
cube were used to store paddy at 17-18% MC Two stacks of 18%MC (S6), and 14%MC
(87) served as controls All the Volcant cubes whether laminated or not were covered with
reflective awnings, whereas the control stacks were covered only with tarpaulins
Temperature and gas concentration monitoring Six thermocouple cables and two plastic

tubes were 1nstalled at different locations inside the cubes to monitor grain temperatures and
gas concentrations, respectively Changes in CO, and O, concentrations were measured daily
using a GOW-MAC gas analyzer and a David Bishop OxyChek 2, Oxygen meter
respectively

Samplhing and parameters Initial samples were collected during the building of the stacks
and final samples were collected and analyzed to determine changes 1n the quality of stored
paddy The following physical and quality parameters were recorded
1 % MC and a,,
% yellow kernels and Minolta b* values
% milling recovery and % head-rice recovery
Insect infestation
Microfloral load
Sensory evaluation (for cooked and uncooked milled rice)

[« 37, N - VS I (b

The MCs of the paddy samples were monitored using a Dickey John Multi-Grain Tester
The a, were measured using a Novasina MS1 Defensor Percent yellow kernels were
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determined from the ratio of visually yellow kernels and the weight of milled rice The
Mmolta b* value was measured with a Minolta Chroma Meter CR-110 For the assessment
of milling recovery, wet paddy samples were dried first using the EUROTHERM
Laboratory Mechanical Dryer and then milled using a Satake Gramn Testing Mill

The sensory evaluations of the field trials were conducted as mn the laboratory
evaluations by Prof del Mundo and Ms Felix, of UPLB (see Appendix 3) The evaluations
were divided mnto two "activities”

Activity I A comparative analysis of cooking and sensory qualities of cooked and
uncooked milled rice from wet paddy (18% MC) before storage and at the end of storage in
the Volcan: cubes ((S4, after 3 months and S5 after 6 months), and from control stacks
under tarpaulins (S6, S7) at imtial MCs of 14 and 18% respectively Composite samples
were obtaned from the middle (4™ layer of the Volcan: cube stacks while for the controls,
the samples were randomly obtained from the different sides of each of the stacks at the two
sampling periods The rice samples were milled at BPRE as described above and 2kg milled
rice 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
various stack levels/layers of the Volcam cubes i order to differentiate between layers using
the same quality indices as 1n activity 1 In this case, composite samples from each layer
were taken and dried down to 14% MC before milling The topmost layer for both stacks
was numbered as level 1 and the bottom layer as level 7

All samples from both activities were assessed 1n terms of cooking parameters and
all samples of uncooked milled rice underwent sensory evaluation For the cooked milled
rice, only samples from three months storage were subjected to sensory evaluation The
strong unacceptable fermented odor during the determination of the cooking parameters of
the samples from the six months storage stack led to the suspension of their sensory
evaluation

Cooking and sensory assessments were conducted according to the procedure of Del
Mundo (1991) Optimum cooking water was established for each sample Cooking
parameters mncluded % height increase and cooking time Sensory qualities evaluated for the
raw milled rice were % acceptability, preference score, aroma, color, gloss, wholeness of
grans, brittleness of grains, and grain translucency For the milled cooked rice, 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_dioxide and oxyvgen concentration During the first field tnial, the O, level n the

laminated Volcan: cube S1 decreased to less than 1% two days after sealing This level was
retained until the stack was opened on the 30™ day Meanwhile the CO, concentration
reached a maximum of 26% after nine days

For the second field trial, O, concentrations in the two sealed stacks also decreased to
less than1% two days after sealing and this was retained until the cubes were opened for
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sampling (After stack S4 was opened for MC sampling after 30 days, the O, level returned
to less than 1% 3 days after sealing) Meanwhile, the highest CO, concentrations of 29%
(S4) and 31% (S5 - see Fig 9) were attained 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 mamntain O, concentrations to below 1%

within 48 hours
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Fig 9 Gas concentrations within the sealed laminated cube (S5) during 6 months of storage

Temperature Gramn temperatures recorded during the field trials revealed no indication of
self heating Observations also showed that during day-time, temperatures above and below
the liner were consistently lower than that of the ambient, this being attributed to protective
effect of the reflective cover by avoiding sorption of solar energy during the day

Mouisture content

Trial 1 The average MC 1n the laminated cube S1 had increased from 16 9% to 17 5% at
the end of 31 days This we attributed mainly to grain respiration Also, there was evidence
of moisture migration where 16 bags at the topmost layer of the stack were visibly wet and
MC had increased to 18 5% In contrast, the average MC of the control stach S2 decreased
from 13 9 to 11 5% while that of S3 decreased from 16 7% to 13 4% after 31 days (These
reductions 1n MC may be attributed to the low ambient RH prevailing during the tral 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)

Tral 2

Initial 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, §, E)
indicated signs of moisture migration and moisture condensation However, the MC at the
muddle layer of the stack had decreased by an average of 0 8% Again, 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, germinated seeds were observed 1n S6 n almost all the bags despite the eventual
reduction 1n MC, (this probably resulting from strong condensation beneath the tarps)

After 6 months of sealed storage, the laminated Volcani cube S5 incurred heavy
moisture condensation which damaged the top three layers and caused grain deterioration
The grains 1n the top layer increased in MC by 7 1% Darkened, rotten and foul-smelling
grains were found on the affected bags At the sixth month sampling, both control stacks S6
and S7 encountered a further reduction 1n MC as an effect of natural drying due to high
ambient temperatures

5 5 2 2 Grain quality parameters
Yellowing and b* value

Trial 1 The average mitial yellow kernels of sealed stack S1 and control stacks S2 and S3
were 0 13%, 0 09% and 0 06%, respectively After 31 days of storage, yellow kernels in S1
significantly increased to 0 66%, the highest level being at the dampened topmost layer
which increased to 1 26% In the control stacks S2 and S3, the yellow kernels significantly
increased to 033% and 0 49%, respectively However, as in the lab experiments, the
increase 1n yellow kernel levels did not exceed the 2% maximum limit set by NFA for Grade
1 milled rice In the same manner, the average b* value of S1 increased from 9 6 to 10 6 the
highest being at the dampened topmost layer which was 112 In S2 the b* value at 9 7 did
not change, and 1n S3 1t increased from 9 7 to 10 2

Trial 2 The same trend was observed for sealed stack S4 where the average yellow kernels
mcreased from 09% to 1 1% and the b* value from 9 6 to 10 8 after 93 days of storage
During the same period yellow kernels and b* value in control stack S6 increased from
09% to 6 5% and from 9 7 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 9 8 tol4 3,
respectively at the top layer of the pile Yellow kernel and b* value also increased from
1 0% to 14 4% and from 9 9 to 12 8, respectively at the middle layer of the pile Yellowing
and b* value in S6 and S7 increased further to 75% and 119 and 26 % and 112,
respectively The observations 1n both trials confirm the laboratory findings (Section 5 2 2)

Milling and head-rice recovery

Trial 1 The average milling recovery of S1 decreased from 65 1% to 59 7% while the
control stacks S2 and S3 decreased from 65 2% to 60 0% and 65 7% to 60 1% respectively
after 31 days of storage Likewise, head-rice recovery of S1 decreased from an mitial 80 7%
to 65 9%, 62 4% and 38 8% at the bottom, middle and top layers, respectively while 82 and
S3 decreased from 79 7% and 80 6% to 69 1% and 67 8%, respectively The marked
decrease at the top layer of S1 may be attributed to the increase in MC as a result of
convection currents to the surface and condensation

Trial 2 In contrast to tral 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 trial, and the control stacks S6
increased from 64 7% to 67 3% and S7 from 66 1% to 67 7% during the same period This
may be attributed to biological aging which usually occurs after 1-3 months of storage After
180 days storage, the average milling recovery of Volcani cube S5 decreased from 65 6% to
59 8%, while head-rice recovery decreased from 80 2% to 79 1% In contrast, milling and
head-rice recovery of control stacks S6 and S7 increased to 65 6% and 90 2%, and 67 0%
and 89 6%, respectively as a result of the drying phenomenon mentioned previously

Insect infestation At the end of storage all control stacks i both trials were infested by the

following species of stored product pests Rhyzopertha domuinica, Sitophilus oryzae,
Tribolium castaneum and Cryptolestes sp Ambient temperatures and relative humidities
during the two trials favored development of these stored product msects At the end of both
trials, the sealed stacks in the Volcani cubes revealed no infestation

Microfloral load

Tral 1 The mitial total percent fungal infections in Volcani cube S1, and control stacks S2,
and S3 were 12%, 12% and 10%, respectively After 30 days, fungal infection 1 S1
decreased to 3% whuile the total percent fungal infection in S2 and S3 sigmficantly increased
to 15% and 20% respectively

Trial 2 In this tnal, the stocks of paddy were imtially found to be infected with Aspergillus
flavus, Curvularia lunata, Penicidlium cuitrinum and Neosatorya fischer: Overall, the final
results indicated that after three months of gas-tight storage, the percentage occurrence of
the above fung: 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 citrinum
and N fischer

On the other hand, bacterial counts revealed a sigmficant increase m the top layer of
the paddy stored for 3 months Visual observation showed that microbial growth was high
especially 1n the peripheries and topmost layer of the bag This was probably due to the
increase i 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 bacteria had
significantly decreased Possibly the prolonged high CO, concentration was detrimental to
the growth of bacteria since most food spoilage organisms appear to be sensitive to high
levels of CO, (Pitt and Hocking, 1997) However, these findings did not correspond with
those of the laboratory trials where bacterial counts were still high after 6 months (see
section 52 2)

Sensory evaluation

Activity 1 Cooking parameters Initial samples from all stacks showed that the optimum
rice to water ratio was 1 1 25 (80 g milled rice to 100 ml water) This ratio did not change
during storage There was no significant difference in percent height increase of the cooked
rice (used to indicate volume expansion) among samples during each storage period
Percent height increase ranged from 146 9% to 221 4% Cooking time ranged from 15 4 to
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18 4 minutes revealing an insignificant mcreasing trend in cooking time as paddy storage
was prolonged

The cooked and uncooked qualities of the rice samples at 14% and 18% MC taken
mitially from the control stacks under tarpaulins (S6, S7) and the18% MC paddy from the
sealed Volcan: cubes (84, S5), were similar Afier three months of storage, the tenderness
and cohesiveness of the cooked rice from the different set-ups remained similar There were
also no significant differences 1n uncooked mulled rice qualities such as wholeness of grains,
gramn translucency and grain brittleness across storage set-ups and duration Samples taken
from the Volcam cube (S4) however had become inferior in terms of the other
characteristics There was a decrease 1n the overall rating for cooked rice flavor, color and
gloss from mmtial time to third month of paddy storage Simularly, the rating for uncooked
mulled rice color and gloss consistently declined after three and six months for the paddy
stored in the Volcani cubes

The characteristics most highly affected were aroma, percent acceptability and
preference scores of the cooked and uncooked milled rice samples

After 3 months, aroma of the sample from the Volcani cube (S4) was significantly
inferior to the control samples (which had rapidly dried due to ambient ventilation as
explained pieviously) Off odor, specifically a fermented smell was perceptible in both the
cooked and uncoocked milled rice After six months storage, the milled cooked rice of
samples taken from the Volcani cube (S5), were no longer presented for sensory evaluation
due to a highly distinct fermented smell recorded during the cooking trials

Acceptability as judged by two sensory panels (one from UPLB and one from a
farming community) gave a mean of 35% acceptability for the cooked rice, and 51 6% for
the milled uncooked rice derived from samples taken from Volcam cube S4 after three
months storage These percentages weie significantly lower than the acceptability of
controls S6 and S7 The sample from S7 originally at 14%MC had a mean acceptability of
95% 1n the cooked form and 91 7% when uncooked The sample from S6, originally at
18%MC, had a mean acceptability of 90 0% and 84 7% 1n cooked and uncooked forms,
respectively After six months of storage, only three judges from the panels indicated
acceptabihity for the raw sample of wet paddy stored m S5

For Preference scores which rank the choice levels, a positive number indicates
generally-accepted, and a negative number indicates generally-rejected Samples S4 and S5
from the cubes received a consistent negative score mn the cooked form as opposed to the
control samples S6 and S7 Simularly, there was a notable decrease 1n preference score of
uncooked mulled rice 1n S4 and S5 from the imtial 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 rice quahities, i terms of overall acceptability and preference scores,
S7 (onigmally at 14%MC) was better than S6 (ongmally at 18%MC) after three and six
months storage

Scores for color, gloss, flavor, tenderness, cohesiveness, wholeness, brittleness,
and translucency of the samples were also made, but although of value in themselves, they
are not presented here as they are subservient to the scores for acceptability and preference
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Activity 2 (Comparative analysis of the seven layers 1n the sealed Volcani cubes S4 S5)
Cooking parameters Optimum cooking water was the same for the seven samples during
the two storage periods A rice to water t1atio of 1 125 (80 g milled rice 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 during each storage period though a diminishing
trend n height increase and an increasing trend 1n cooking time were noted as storage was
extended from three to s1x months

A difference 1n acceptability scores was registered by the two groups of consumer
panels particularly in terms of mulled cooked rice quality The samples from all layers were
rated as unacceptable by one panel (UPLB staff) while the other panelists accepted the
cooked rice from S4 except those from the two topmost layers In the uncooked form, both
sets of consumer panelists indicated acceptability for samples coming from layers 3 4 and 7
during the third month Both sets of panelists also rated the uncooked samples from all
layers as unacceptable during 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 rating was both for cooked and uncooked milled rice
samples stored for 3 months The milled rice sample from layer 7 was rated as the best
sample 1n both cooked and uncooked forms After six months of paddy storage, the samples
were no longer presented for sensory evaluation 1n the cooked form The samples had
distinct off odor and the laboratory staff already refused to taste the samples presented to
them during the optimum cooking water determiatton Only the uncooked mulled rice from
seven layers were presented to the panelists and all were rated unacceptable

Aroma The major drawback of the samples from the top layers during months 3
and 6 was therr off odor/fermented smell During month 3, fermented smell was distunct 1n
samples from layers 1 and 2 Off odor of lesser intensity was noted for all other samples
Between cooked and uncooked milled rice forms, the intensity of the fermented smell was
stronger 1 the cooked form After six months, the off odor/fermented smell became highly
perceptible 1n all samples including those 1n the uncooked form

A slight vanation across samples in terms of uncooked rice characteristics like color,
gloss, wholeness of grains, brittleness of grains and gramn translucency were noted during
month 3, as was the case for month 6 Color of the uncooked milled rice grains however
notably changed from creamish white to yellowish after six months for samples from layers
3 to 7and the yellowish color of the samples from layers 1 and 2 during month 3 were
further intensified during month 6

QOverall, among the samples from the seven layers, the scores and descriptions for the
sensory attributes were higher and/or better for samples in the lower layers The sample
from the lowest layer of the three months storage (S4) was still acceptable in both cooked
and raw forms to the panel comprising a rice farming community However, regardless of
layer, a duration of six months was deemed mappropriate 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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investigators that the following storage durations can be recommended for intermediate MC
sterage of paddy 1n hermetically sealed Volcani cubes

For 18% and 17%MC paddy storage can be prolonged for one month Perception of
a fermented smell was very evident in cooked form after 2 months Other cooked qualities
such as flavor, color and gloss as well as the raw qualities like color, wholeness of grains
and translucency became inferior beyond one month of paddy storage

For 16% MC paddy - storage can be extended to two months Significant negative
changes 1n cooked rice aroma as well as 1 such qualities as color and gloss 1n 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 attributes even at three months
which 1s still the recommended duration for paddy storage In fact in a study by del Mundo
(1995) 1t was shown that IR64 paddy stored 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% O, or less, needed to
arrest mold development, can be obtained using a well sealed standard Volcant cube The
moisture migration phenomenon experienced 1n outdoor storage, which 1s exacerbated at
intermediate MCs, can be strongly reduced using 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 1s directed at providing small scale farmer cooperatives
with on-site storage units so as to decentralize storage of the national grain reserve as well as
provide rural communities with a higher level of food security In 1998, about 200 units of
these storage structures were purchased and distributed to farmers' cooperatives nationwide
Presently, 300 additional storage units have been purchased by the government to mtigate
the effect of La Nifia To date this concept of sealed storage to protect dry grain from insect
infestation has been widely promoted by BPRE and Fumitechniks through an mtensive
training program of on-the-spot demonstrations and courses It 1s anticipated therefore that
the findings of this project can be translated into practice by dove-tailing this technology
into the recently developed concept of storage in flexible liners Policy decisions may have
to be made 1n the light of these findings, but should the concept of storage of intermediate
MC grain be adopted, even a one-month delay after harvest, before paddy must be dried or
consumed should have a revolutionary effect on harvest losses, farmer mcome and food
security

The project has had a stimulating effect on the activities of BPRE whose central role m
postharvest activities of the Philippines cannot be over-emphasized Funding has enabled the
purchase of equipment essential for carrying out research mnto hermetic and controlled
atmosphere (CA) storage At present a member of BPRE (Ms Glory Sabio) 1s undertaking
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PhD studies in the Department of Stored Products at the Volcani Center as a direct outcome
of this cooperation Lastly, 1t was only through the CDR funded projects that cooperation
reached a level where ARO was chosen by BPRE for special citation - "in recognition of
ARQ's contribution 1n hastening the development of the country's postharvest mdustry by
supporting research and development activities responsive to the needs of the agricultural
sector”

7 Project Activities/Outputs

Investigators of the project attended and presented relevant papers at the following
conferences

1) International Conference on Controlled Atmospheres and Fumigation, held in Cyprus,
Aprl 1996

2) 18th ASEAN seminar on grains postharvest technology held in Manila, March 1997

3) 7th International working Conference on Stored-product Protection, Berjing, China Oct
1998

Project meetings/visits

1) 1995 Drs Donahaye & Navarro to BPRE (during grain storage course funded by Israel:
government) followed by National Seminar on Grain Storage Technology and Food
Security

2) 1996 Ms Caliboso to ARO

3) 1997 Dr Donahaye (private funding) and Dr Navarro to BPRE and UPLB

14) 1999 Dr Andales to ARO (September)

8 Project Productivity

A considerable amount of the early experimental work needed to be repeated both in 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 objectives and included the
development of reflective covers which did not form part of the original work plan but
emerged as an essential addition The development of the descriptive model could not be
completed 1 time but a Stella language simulatton model has been set up and the
experimental data required to verify 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 introduction of
environmentally friendly storage solutions to developing countnies, and that hermetic storage
at the cooperative and small farmer level 1s one of the most promising courses of action for
providing food security in the 21st Century
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ABSTRACT

Laboratory expenments were undertaken to delermne the effect of temperature and mosture

content {MC) on respiration of paddy The expenments were camed out in glass jars (500 mi) fi¥ed
with paddy, conditioned to five target leveis of MC corresponding to the folfowng waler actinties(ay,)

075,080, 085 and 090, and heid at 25, 30 and 35°C respectively The tnals were camed out
using low qually paddy (ran-damaged) with 23% germmation, and high qually paddy with 91%
germinabon A Enear relationship was found between respiration rates expressed as log of oxygen
consumption ;n mg Ox/100 g dry matter/day plotted aganst paddy MC For 18% MC at 35°C,
respiration rate of high quaily paddy was 20 361 mg O2/100 g dry matter/day, and for 14% MC
at 259C & was 0 604 mg Ox/100 g dry matter/day For the same temperatures and MCs, the low
qualty paddy gave values of 17 175 and 0 585 mg O2/100 g dry maiter/day respectively -

INTRODUCTION

In South-East Asia the harvesting of paddy in the monsocon season when sun drying is
not feasible pases 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 minimze rapid detenoration, followed later by drying of intermediate moisture
paddy down to below 14 percent (Andales, 1987) The maximum acceptable holding period for
paddy at 18 percent MC, between the two drying stages is 21 days However, during this storage,
weight losses due to respiration are inevitable Development of mycotoxans pose an additional nsk
if the temperature and humidity are suttable (Paster, 1987, Paster & Bullerman, 1989) and paddy
quality may not be maintained over the imposed intenm storage period until it 1s dned

Existing data in the literature on storage losses are not consistent. Steel of &/ (1969)
determined the standard condition of temperature, MC and mechanical damage for calculation of
safe storage time of comn up to 0 5§ percent dry matter loss (DML) Sertz of &/ (1952) stated that
high moisture, high mechanical damage and previous infestation can cause the development of
dangerous quantities of microflora, especiaily Aspergilus flavus, even before reaching 0 § percent
DML.in com

This laboratory study was undertaken to exammne 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 actrvities, (ay,) 075, 0 80, 0 85, 0 88
and 0 90 The axpenments were camed out at 25, 30 and 35°C

Preparation of paddy sampies

IR-64, a wadely planted nice vanety in the Philippines, was used in the expenment. Two
qualthes of paddy were obtained. The first batch had been rain damaged and had an average
inial germination level of 23 percent, while the second batch had an inthal germination level of
91 percent. Both paddy consignments amved from the Philippines at 13 1 percent MC Each batch
was divided into five groups and these were then moistened to the five targeted MCs, This was
done by adding to the paddy the amount of distilled water calculated to produce the required MC,
using a hand-sprayer, followed by thorough mpang by rotation in § L plastic containers The
containers were tightly closed with screw-lids and transferred to a refngerator at 2 £ 19C for
conditioning Each container was rotated and shaken for 2 to 3 minutes daily 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 stabilzation differed from the target MC by more than 0 2 percent, a further comrection
was made by adding a calculated amount of water, or by spreading the grain on a tray and drying
Target MCs were reached after 2 to 4 weeks

Experimental procedure

Each batch of paddy at its target MC was placed in a 500-ml kilner-type glass jar with screw-
on metal hd and gasket seal To enable gas sampling, a hole was dnlled in the lid and fitted with
a sithicon-rubber septum. The exact volume of each jar was determined by filing with distilled water
at 20°C Then, the jars were completely filled with grain to mimuimize headspace, and then wesghed
The vaid volume in 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 After the lid had been screwed down manually,
it was tghtened with a clamping tool, and each jar was tested for hermetic seal

After the jars had been sealed they were transfetred to thermostatically-rmaintained chambers
at the three expenmental temperatures

Gas sampling

The rates of respiratory metabolism as expressed by O2 uptake and CO7 output were
determined by removal of gas samples using a 1 mi gas-hight synnge, through the septum set
in the Iid of each jar Gas samples were analysed by chromatography on a Tracor MT - 565 gas
chromatograph fitted with a thermal conductivity detector and a porapak Q column in senes with
a molecular sieve (13X) column The sampling port was equipped with a 0 25 ml sample injector
loop The operating condiions were 50°C oven temperature, detector temperature of 70°C, column
flow rate of 40 mi/min, and reference flow rate of 15 mi/min. Hellum was the camer gas and the
analysis was computed by a Spectraphysics SP4100 integrator Concentrations were calculated
on the basis of peak area. Peaks were calibrated using a standard gas mixture with known CO»,
02, and nitrogen (N2) compostion Sampling commenced immediately after sealing the flasks
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and continued at 4, 6, 16 or 24 h intervals unti the O was consumed by the paddy, or for longer
intervals for the lower MC paddy sampies.

Data analysis

The O3 and COz concentrations were recorded reguiarly for each temperature and MC as
described above. Based on a linear regression the rates of hourly O2 consumption were determined.
Then these values were converted to mg O2 consumption per 24 h, using the void volumes 1n

the jars and the dry weight of paddy
RESULTS AND DISCUSSION

The rates of O2 consumption of the rain-damaged and goed quality paddy at vanous
moisture contents are given in Figs. 1 and 2 respechively The lines in the figures were plotted
for the three temperatures used in the expenments.

For good quality paddy and at all three temperatures, there was an approxarmate doubling
(x 1 7) in respiration rate for every 1 percent increase in MC over the tested range, and for ramn-
damaged paddy, this ratio was slightty higher (up to x 1 9) Similarly for every 5°C increase n
temperature, the incrsase in respwation rate ranged from x 17 to x 2.2 for good quality paddy,
and for rain-damaged paddy fromx 15 tox 195

In this study, 14 percent MC was considered to be in equilibnum with 75 percnet rh. (Rindner
et al, 1991), which 1s the crihcal MC below which respiration rates are considerably mhibited, Resuits
in Figs 1 and 2 shew that at 14 percent MC, respiration rates at the three temperatures are very
close to each other In contrast, for respiration rates obtamed at higher MCs, the higher the
temperature, the greater the difference.

These respiration rates may be used to calculate the daily dry matter loss denved from
the joint actraty of microfloral and paddy respiration using the equation for starch oxidation. Such
calculations are needed to enable one to estimate the storability of grain, based on the frequently
used critenon deveioped by Saul and Steele (1966) for maze in the US that a given percentage
loss m dry matter, is econarmcaily acceptable. Subsequently, the 0 S percent DML index for grade
#2 macze was adopted by the USDA as a national standard. The times required to produce dry
matter loss (DML) of 0 S percent for the good quality paddy at the three expenmental temperatures
1s grven in Fig. 3 A number of previous studies has been made on DML of paddy’, and a companson
of these resuits Is grven 1n Table 1

From the table it can be seen that the number of days to 0 5 percent DML estimated by
Hilano (1982) were consistently shorter than what was found in this study (e.g. at 16% MC Hilano
gave 50 days at 279C as agamnst 124 days at 25°C and 75 days at 30°C n this study). This
was also true for the higher MCs in the studies of Chikubu (1970) and Jindel & Duggel (1978)
In contrast, the times grven by Teter (13982) and Esmay ef a/ (1973) were consistently longer
Data on rain-damaged paddy (Fig 2) would give longer DML penods, probably due to low seed
viabilty The wide tme range grven in Table 1 and comparative results on rain damaged and goed
quality paddy suggest that addihonal data with other paddy quality parameters are needed for
obtaining more reiiable DML critena 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 et &/ (1997) who measured the respiration of wheat at different water activities
(aw) For wheat at 0 85 ay, the respiration rate at 30°C was reported to be 22.167 mg/100g DM/
24 h. For the same water actvity, the MC of paddy was estimated to be 16 percent MC and the
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respiration rate was 4 mg/100g DM/24 h at the same temperature

This shows that paddy respiration I1s far lower than wheat and the expected dry matter loss
should be lower accordingly To obtamn a G § percent DML for wheat at 0 85 ay, and 359C, the
calculated ttme was only 21 days, in contrast to the 75 days for paddy at the same ay, and
temperature as found in thus study

The resuits obtained could also enable one to caiculate O2 consumption by paddy under
sealed condiions Using the Oz consumption resuits of this study, the time until O2 is reduced
ta very low levels of about 2 percent ¢can be calculated

The implications of the findings in this study lie in the widespread problem of handling marst
paddy at harvest ime In countries with a similar chmate as the Philippines, paddy i1s usually
harvested at 22 to 21percent MC duning the dry season and 28 to 30 percent MC dunng the wet
season (Mendoza et af 1984) More than half of the total annual volume of paddy-nice produced
in the Philippines is harvested dunng the wet season (Philippine Agnbusiness Fact Book and
Directery 1891~1992) In a recently conciuded survey, the purchase of wet paddy by fice traders
n Bulacan and Nueva Ecyja provinces is about 53 percent of the total volume praduced dunng
the wet season, and 13 percent of the total volume produced dunng the dry season (Tolentine
et al, 1992) This indicates the high volume of wet paddy handled dunng the rainy season

The use of mechanical dryers has, so far, been recognzed as a method of preventing
detenoration of wet paddy durning the rainy season However, the high casts of investment
maintenance, and operation are among the constraints miting the adopton of this methed
especially in the rural areas (Bermundo & Quiambao, 1984 and Lorenzana 1985) To this day,
sun drying continues to be the mast favored methad of dry)ng  Thus duning the rainy season, farmers
and traders alike are forced to wart for the sun to shine

The difficulty in adoption of mechanical dryers necessitates the examination of alternative
solutians to prevent the fungal detencration of wet paddy This study forms part of a more
comprehensive approach to solving this problem
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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 imes required for dry matter loss of paddy
to reach 0 5%

Present Resuits Chikubu | Jindel & | Tater Hilario | Esmay et
1970 Duggel | (1982) | (1982) | al (1979)
Temp C 25 30 3 | 1525 | 1525 | 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 12
170 107 48 28 25-30 20 34
180 60 k] 14 15-20 136 25 47
180 15 104
200 10 84 10
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Sensory Qualities of Milled Raw and Cooked Rice from Paddy Stored

with Different Moisture Contents and under
Various Storage Durations .

by
Angelita M del Mundo and Angelina dR Felix!

The study was conducted as a follow-up of a previous undertaking aimed at

relating moisture content and storage duration of newly harvested paddy (IR64) to
cooking and sensory qualities of the corresponding milled raw and cooked rice 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 periodic changes
The same consumer panelists evaluated the sensory qualities from 1utial to final storage
time Below are the specific objectives of the present study

1

(V')

To establish the optimum cooking water and document cooking parameters (height
increase and cooking time) of mulled 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 )

To compare the consumer acceptability and preference scores of milled raw and mulled
cooked IR64 stored as paddy at different moisture contents and durations

To 1dentify quality changes in mulled raw and nulled cooked nice of experimental
samples

To correlate various moisture contents and different storage time of IR64 paddy to

cooking and sensory qualities of the corresponding nulled raw and cooked rice
samples

! Associate Professor and University Researcher respectively, Institute of Human
Nutrition and Food, College of Human Ecology, University of the Philippines Los Bafios,
College, Laguna



Two kilos freshly milled 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 mtial moisture content of 14% was also submitted with the experimental samples
This sample served as the control

All samples were evaluated 1n 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 Cooking parameters measured include % height increase and
cooking time Changes 1n the sensory qualities across moisture contents and storage
durations were documented m both mulled raw and milled cooked forms A consumer
panel of 50 participants from Maitim, 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 during 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 rice 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 according to the procedure of Cochran and Cox (1957) The
warm cooked rice samples (10g) were placed in wine glasses covered with aluminum
cover The four cooked samples were randomly arranged and were distributed to the
judges 1n a tray together with a clear plastic spoon and a glass containing tap water Water
was used as a rinse between evaluation of cooked rice samples to avoid carry over of
quality characteristics perceived through the nasal and mouth cavities Four mulled raw
samples contained a mumature nce bin with individualized compartment were also
presented to each of the judges Each compartment contamned one teaspoon (7g) of the
corresponding sample which was coded and arranged accordingly

The samples were evaluated n terms of the different nulled raw and cooked
characteristics After filling up the background information sheet, the scorecards for
milled cooked then muilled raw rice were distributed to the judges Description of each

sample was given, acceptability indicated and best sample chosen by ranking the four
samples registered by individual panelist

The mean of the replicated trial for the cooking parameters as % height increase
and cooking time were computed for each sample Raw data on the sensory qualities were
decoded and tabulated prior to data processing Acceptability was calculated by dividing
the number of “yes” responses by the total number of responses and multiplying the
dividend by 100 A percent acceptability of 75% and above 1s considered acceptable

Meanwhile, preference score was expressed in scores of ranked data, following the
procedure of Larmond (1985)
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Preference score = (No of rank 1 x 103) + (No of rank of 2 x 0 30) +
(No of rank 3 x -0 30) + (No of rank 4 x -1 03)

The total preference score obtained 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 attainable score However, a positive preference
scores for a sample 1s generally accepted while a sample with negative score 1s generally
rejected particularly when the difference 1n score 1s statistically significant compared with
other samples

Cooking parameters data were subjected to analysis of variance using the F-test to
determine treatment effects Duncan multiple range test (DMRT) was used to locate the
significant differences Differences across moisture contents and storage durations mn
terms of the sensory qualities were on the other hand analyzed using the Kruskal-Wallis
1-Way ANOVA and the Friedman Two-Way ANOVA, respectively Correlation among
the different cooking parameters and sensory attributes with moisture content and storage
duration was established using the Spearman correlation analysis

The results of the cooking and sensory evaluations are as follows
1 Cooking parameters of milled IR64 stored as paddy at different moisture contents and
storage durations

The optimum cooking water of experimental amount of mlled rice from stored
paddy samples of different moisture contents (14%, 15%, 16%, 17% and 18%) as well as
that of the control during the 1mtial and monthly mtervals were the same Each 80g mulled
rice sample required 100mL (1 1 25) cooking water

Percent height increase which 1s used as an mdicator of volume expansion ranged
from 165 0% to 221 4% In general, an increasing trend in volume expansion was observed
as paddy storage was prolonged On the other hand, a decreasing trend in percent height
increase as moisture content mncreased from 14%, 15% to 16% was observed for the
different storage periods For the samples of 17% and 18% moisture, no trend was
recorded Moreover, no relationship was established between moisture content and %
height increase (correlation coefficient =0 15511)
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Table 1 Percent height increase of mulled cooked IR64 from paddy stored at different
moisture contents and storage durations, 1998

Moisture Content % Height Increase/Storage Time
0 day | 30days 60 days 90 days

Control/ Untreated Sample
(14% RT) 173 4 1730 196 4 206 8

Treated Samples - samples stored under
hermetic condition at

14% MC 1790 189 9 2052 205 4
15% MC 1780 1897 2000 2214
16% MC 1650 1820 190 3 196 6
17% MC 1836 180 7 2000 2086
18% MC 166 1 1823 1310 1850

Table 1a indicates shight variations but no trend between moisture content, storage
period and cooking time Statistically, the differences in terms of cooking time across
moisture contents and storage durations were not signmficant The mean cooking time of
the samples ranged from 14 42 to 16 75 minutes The correlation coefficients of 0 00881
and 0 13462 were low to establish a relationship between cooking time and moisture
content nor cooking time and storage duration, respectively

Table la Mean cooking time of nulled cooked IR64 from paddy stored at different
moisture contents and storage durations, 1998

Moisture Content Mean Cooking Time (min )/Storage Time
0 day 30 days 60 days 90 days

Control/ Untreated Sample
(14% RT) 1525 1527 14 94 14 42

Treated Samples - samples stored under
hermetic condition at

14% MC 1513 16 70 1525 1547
15% MC 14 97 16 75 1576 1571
16% MC 1475 16 10 14 87 1479
17% MC 14 65 16 75 16 29 15 44
18% MC 15 25 1527 14 94 14 42

Y2
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2 Sensory qualities of milled cooked IR64 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 rice
attributes namely aroma, taste, tenderness, cohesiveness, color and gloss These
characteristics became inferior at higher moisture level and longer storage period Among
these attributes, 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 primarily dictated by the off odor
(fermented smell) present m these samples In the raw form, wholeness of gramns and
color were found to have a sigmificant negative correlation with moisture content and
storage duration
Samples of higher moisture content had whiter shade of color and a higher proportion of
whole gramns compared to samples of higher moisture content As the length of paddy
storage 1s mncreased and at a higher moisture content, color of the rice were towards the
creamish to grayish shade and broken grains became more evident Correlation of this
sensory result with the data obtained by BPRE using the Minolta Color Meter and with
the % head rice recovery recorded during milling potentials determination, 1s suggested

Table 2 Relationship of paddy moisture contents and storage durations to sensory qualities
of milled raw and cooked IR64, 1998

Parameters Correlation Coefficient
Moisture Content | Storage Duration

A Milled Cooked Form

% Acceptability 0 06063 0 06887
Preference Score -0 15292 * -0 04973
Aroma -011187 * -027206 *
Flavor -0 08654 * -0 16318 *
Tenderness -0 06072 -0 14486 *
Cohesiveness -0 08741 ** -0 17090 *
Color -0 06801 ** -0 07723 **
Gloss -0 09930 ** -0 04427
B Milled Raw Form

% Acceptability 003081 002383
Preference Score -0 10425 * -0 00274
Aroma -0 05509 *** -0 04254
Color -0 08556 * -0 08831 *
Gloss 003212 003306
Wholeness of Grains -0 09561 * -0 10461 *
Brittleness of Grains -0 00454 -0 01099
Grain Translucency -0 04086 -0 05612

* - significant at 1% level of significance
** - significant at 5% level of significancce
*** - significant at 10% level of significance
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Moreover, based on the results of the sensory evaluation (Appendix 1 to 7), the

maximum paddy storage period for the following moisture contents recommend the
following

For 18% MC - one (1) month Perception of fermented smell (off odor) was very
evident in cooked form during month 2 Other cooked qualities such as flavor, color
and gloss as well as the raw qualities like color , wholeness of grans and translucency
became inferior after one month of paddy storage

17% MC - one (1) month The same quality changes noted for sample of 18%
moisture content

16% MC - can be extended to two (2) months Significant negative changes in cooked
rice aroma as well as 1n such qualities as color and gloss 1n both cooked and raw forms
were observed after two (2) months of paddy storage Other sensory qualities shightly
changed after two(2) months of storage

15% MC - can be extended to three (3) months Slight change 1n sensory qualittes Off
odor slightly perceptible in cooked form after three (3) months of storage

14% MC - has shown remarkable sensory attributes even at three (3) months of paddy

storage Still the recommended level for paddy storage In fact, paddy storage at 14%
moisture 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%

moisture under ordinary condition (room temperature) had comparable sensory
qualities with that stored for three and six months



Appendix 1

Table 3 Percent acceptability of milled cooked IR64 stored as paddy at different moisture contents and
storage durations, 1998

Moisture Content % Acceptability/ Storage Time
0 day ™ 30 days™ 60 days 90 days

MILLED COOKED
Control/Untreated 98 0 96 0 86 0 94 0

Sample (14% RT) ™

Treated Samples

-samples stored

under hermetic

condition at

14% MC ™ 100 0 96 7 96 7 96 7
15% MC 933 933 933 800
16% MC 967 96 7 900 733
17% MC 900 90 0 600 433
18% MC 933 90 0 567 300

- no significant difference at 5% level of significance
- with significant difference at 5% level of significance

Table 3a Percent acceptability of milled raw IR64 stored as paddy at different moisture contents and storage
durations, 1998

Moisture Content % Acceptabiity/ Storage Time
0 day ™ 30 days™ 60 days 90 days
IMILLED RAW
Control/Untreated 96 0 100 0 96 0 96 0

Sample (14% RT) ™

Treated Samples

-samples stored

under hermetic

condifion at

14% MC ™ 96 7 100 0 96 7 1000
15% MC ™ 90 0 96 7 933 933
16% MC ™ 93 3 96 7 80 0 800
17% MC ™ 93 3 933 80 0 70 0
18% MC 867 86 7 76 7 633

"™ - no significant difference at 5% level of sigmificance
- with significant difference at 5% level of significance




Appendix 2
Table 4 Mean preference scores of milled cooked IR64 stored as paddy at different moisture contents and
storage durations, 1998
Moisture Content Mean Preference Score/ Storage Time
0day 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™ 049 051 051 068
15% MC™ 001 009 022 011
16% MC 0 06 008 -017 -00!1
17% MC -027 -029 -017 - 058
18% MC -037 -052 -070 -090
™. no significant difference at 5% level of sigmficance

- 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
0day 30 days 60 days 90 days
MILLED RAW
Control/Untreated 038 042 031 047
Sample (14% RT)™
Treated Samples
-samples stored
under hermetic
condition at
14% MC*™ 051 049 048 079
15% MC™ 003 004 014 017
16% MC™ -020 -0 04 -001 -021
17% MC™ -027 -045 - 047 -062
18% MC ™ -072 -077 -076 -0 86
™. no significant difference at 5% level of sigmificance

- with significant difference at 5% level of sigmficance



storage, 1998

Appendix 3

Table 5 Mean aroma scores of milled cooked IR64 stored as paddy at various moisture contents and length of

Moisture Content Mean Value/ Storage Time
0day 30 days 60 days 90 days
MILLED COOKED
Control/ Untreated Sample
(14% RT)"™ 458 438 402 404
Treated Samples - samples stored under
hermetic condition at
14% MC ™ 453 487 4 60 430
15% MC ™ 4 47 443 430 (1) 333(7)
16% MC 430 417 387(4) 286 (9)
17% MC 410 423 230(17) 177 (19)
18% MC 390 403 206 (19) 137 (26)

™ - no significant difference at 5% level of significance
- with significant difference at 5% level of sigmificance
( ) - number of judges out of the 30 panelists who described the sample as having 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
0 day™ 30 days 60 days 90 days
MILLED RAW
Control/ Untreated Sample
(14% RT)™ 428 394 430 410 It
Treated Samples - samples stored under
hermetic condition at
14% MC ™ 440 450 420 427
15% MC ™ 420 403 400 417 (1)
16% MC ™ 387 367 360(3) 363(3)
17% MC ™ 397 393 363(4) 2 80 (10)
18% MC ™ 353 383 320(8) 30008 1}

" - no significant difference at 5% level of significance
- with significant difference at 5% level of significance
( ) number of judges out of the 30 panelists who described the sample as having off odor

Numerical Score Equiv_Aroma Description

1 With off odor

2 No aroma

3 Weak aroma

4 Moderately aromatic
5 Aromatic

{1



10

Appendix 4

Table 6 Mean flavor scores of milled cooked IR64 stored as paddy at vanious moisture contents and length of
_storage, 1998

Moisture Content Mean Value/ Storage Time
0 day™ 30 days™ 60 days 90 days

’

Control/ Untreated Sample
(4% RT)™ 438 430 458 418

Treated Samples - samples stored under
hermetic condition at

14% MC ™ 417 443 420 433

15% MC ™ 430 438 433 390 (1)
16% MC ™ 417 383 387 370 (2)
17% MC 417 387 390 297 (3)
18% MC 417 383 3133 2 44 (10)

™. no significant difference at 5% level of significance
- with significant difference at 5% level of significance
( ) - number of judges out of the 30 panelist who described the samples to have off taste

Numerical Score Equv Flavor Description

1 With off taste

2 Bland

3 Weak taste

4 Moderately tasty
5 Tasty

6

Very tasty
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Appendix 5

Table 7 Mean tenderness scores of milled cooked IR64 stored as paddy at various moisture contents and length
of storage, 1998

Moisture Content Mean Value/ Storage Time il
0 day™ 30 days™ 60 days 90 days |

Control/ Untreated Sample
(4% RTH™ 290 274 270 284

Treated Samples - samples stored under
hermetic condition at

14% MC ™ 327 320 300 317
15% MC ™ 290 277 300 290
16% MC ™ 280 267 250 280
17% MC ™ 273 273 230 233
18% MC ™ 2 67 283 240 233

*- no significant difference at 5% level of significance
- with significant difference at 5% level of significance

Table 8 Mean cohesiveness scores of milled cooked IR64 stored as paddy at various moisture contents
and length of storage, 1998

Moisture Content Mean Value/ Storage Time
0 day™ 30 days™ 60 days™ 90 days"”

Control/ Untreated Sample
(14%RT)™ 344 320 320 324

Treated Samples - samples stored under
hermetic condition at

14% MC ™ 367 340 347 310
15% MC ™ 347 317 310 293
16% MC ™ 347 297 320 328
17% MC ™ 327 280 252 260
18% MC ™ 310 323 290 334

" - no significant difference at 5% level of significance
- with significant difference at 5% level of significance

Numeral Value Tenderness Description Cohesiveness Description
1 Tough Well separated
2 Chewy Separated
3 Moderately Tender Moderately sticky
4 Tender Sticky

Y
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Appendix 6

Table 9 Mean color scores of milled cooked IR64 stored as paddy at various moisture contents antd length of
storage, 1998

Moisture Content Mean Value/ Storage Time
0day® | 30days 60days | 90days

MILLED COOKED
Control/ Untreated Sample

(14% RT)"™ 456 436 428 4 46

Treated Samples - samples stored under
hermetic condition at

14% MC ™ 450 478 453 450
15% MC ™ 4353 437 423 413
16% MC 463 427 450 427
17% MC 447 437 407 360
18% MC 420 390 357 333

no significant 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 various moisture contents and length of
storage, 1998

Moisture Content Mean Value/ Storage Time
0day | 30days | 60days | 90days
MILLED RAW
Control/ Untreated Sample
(14% RT™ 454 438 442 428

Treated Samples - samples stored under
hermetic condition at

14% MC ™ 453 443 457 457
15% MC ™ 450 430 437 427
16% MC ™ 393 400 390 420
17% MC | 420 377 340 340
18% MC 337 390 337 317

™. no significant difference at 5% level of significance
- with significant difference at 5% level of significance

Numeral Value Color Description

Blackish white
Grayish white
Yellowish
Creamish white
5 White

S =
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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 "
0 day™ 30 days™ 60 days™ 90 days ||
MILLED COOKED
Control/ Untreated Sample
(14% RT)™ 334 310 292 302
Treated Samples - samples stored under
hermetic condition at
14% MC ™ 307 353 323 320
15% MC ™ 320 303 307 277
16% MC 337 333 270 330
17% MC 313 297 250 240
18% MC 320 2 87 257 200

- no significant difference at 5% level of sigmficance
- with significant difference at 5% level of significance

Table 10a 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
0day 30 days 60 days 90 days
MILLED RAW
Control/ Untreated Sample
(14%RT)"™ 352 356 355 358

Treated Samples - samples stored under
hermetic condition at

14% MC ™ 312 323 3357 357
15% MC ™ 277 310 343 293
16% MC ™ 263 297 277 290
17% MC ™ 267 233 237 207
18% MC ™ 207 233 247 224

™. no significant difference at 5% level of sigmificance
- with significant difference at 5% level of significance

Numeral Value Gloss Description
1 Very dull
2 Dull
3 Moderately glossy
4 Glossy
5 Very glossy

S\
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Appendix 8

Table 11 Mean wholeness of grains scores of milled raw IR64 stored as paddy at various moisture contents and
length of storage, 1998

Moisture Content Mean Value/ Storage Time
0 day 30 days 60 days 90 days

Control/ Untreated Sample
(14%RT)"™ 458 4 64 444 440

Treated Samples - samples stored under
hermetic condttion at

14% MC ™ 443 427 430 427
15% MC ™ 376 383 363 360
16% MC ™ 380 363 343 357
17% MC ™ 362 383 333 333
18% MC ™ 339 317 293 293

"™ - no significant difference at 5% level of sigmificance
- with significant difference at 5% level of significance

Numerical Score Equiv_Wholeness of Grains
Description

Grits

Broken

Predominantly broken
Predominantly whole grain
Whole grains

wn bW —
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Appendix 9

Table 12 Mean grain translucency scores of milled raw IR64 stored as paddy at various moisture contents and
length of storage, 1998

Moisture Content Mean Value/ Storage Time 1

T

0 day 30 days 60 days 90 days

Control/ Untreated Sample
(14% RT)"™ 342 356 346 334

Treated Samples - samples stored under
hermetic condition at

14% MC ™ 350 347 347 347
15% MC ™ 320 323 313 310
16% MC ™ 310 320 297 2 87
17% MC 323 293 2 67 2 83
18% MC ** 223 243 233 217

" - no significant difference at 5% level of significance
- with significant difference at 5% level of significance

Numerical Score Equiv_Gram Translucency
Description
2 Opaque
3 Chalky
4 Moderately chalky
5 Translucent
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Appendix 10 *

Table 13 Mean brittleness of grains scores of milled raw IR64 stored as paddy at various moisture contents and
length of storage, 1998

Mossture Content Mean Value/ Storage Time
0 day" 30 days" 60 days'r 90 days"

Control/ Untreated Sample
(14% RT)™ 468 4 64 462 472

Treated Samples - samples stored under
hermetic condition at

14% MC ™ 470 443 473 470
15% MC ™ 457 447 437 443
16% MC ™ 430 423 423 441
17% MC ™ 417 417 420 411
18% MC ™ 410 417 393 396

" no significant difference at 5% level of significance
- with significant difference at 5% level of significance

Numerical Score Equiv_Brittleness of Grains

Description

3 Soft

4 Soft but yielding
(“makunat™)

5 Brittle



APPENDIX 3 to Final Report C-12 057
FINAL CONTRACT REPORT .

Sensory Qualities of Milled Raw and Cooked Rices from Wet Paddy Stored mn a
Volcan1 Cube

by
Angelita M del Mundo and Angelina dR Felix'

The undertaking was conducted as an offshoot of the study on the cooking and sensory
qualities of mulled raw and cooked rices 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

Acavity I Comparative cooking and sensory qualites of milled raw and cooked rice from wet
paddy (18% moisture content) stored m a Volcant cube and under conventional
storage set-up

Actvity 2 Cooking and sensory qualities of mulled cooked and raw rice of wet paddy stored i two
piles with various layers under a Volcant cube set-up

The contract was mmplemented for the period November 15, 1997 to August 30, 1998
Samples evaluated were supplied in the milled form by the Bureau of Postharvest Research and
Extension (BPRE) For activity 1, the rice used consisted of 1) IR64 of 14% moisture content
stored 1n a conventional set-up, 2) IR64 of 18% moisture content stored m a conventional set-up,
and 3) IR64 of 18% mousture content stored in a Volcani cube set-up These samples were received
for three consecutive times representing a tri-monthly periods (mitial time, after three months of
storage and after s1x months of storage) Milled rice came from a composite of paddy samples
stored 1n each of the three set-ups based on the sampling design of BPRE

The Volcani cube set-up was prepared by placing the wet paddy samples in polypropylene
bags of 50 kilos each and hermetically storing them 1n a Volcami cube The Volcani cube was  set-
up 1n an open area and was covered with an alummet Two Volcani 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 obtained as a composite of the paddy
in the muddle 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
contained 1n polypropylene bags, stacked in pallets and covered with flat tarpaulin sheets Three
kilos paddy samples were randomly obtained from the different sides of each of the conventional
set-ups for the two storage periods

In activity 2, seven mulled rice samples from the seven layers of the Volcani cube set-up
were recerved during month 3 and month 6 for quality evaluation The samples were recerved one
week after receipt of the samples for activity 1
' Associate Professor and University Researcher respectively, Institute of Human Nutrition and
Food, College of Human Ecology, University of the Philippines Los Bafios, College, Laguna



Two piles of Volcani cube were set-up for activity 2 These piles were located near the set-
ups for activity 1 m the BPRE compound in Mufioz, Nueva Ecyja Pile 1 was opened during the
third month and pile 2 during the sixth month Each pile consisted of seven layers with the
topmost layer numbered as level 1 and the bottom layer as level 7 There were twenty two to thirty
one (22 to 31) polypropylene bags of wet paddy (18% moisture) 1n each layer Three kilos of
composite paddy samples from each layer per pile were obtamed, dried to 14% and nulled Out
of the three kilos composite paddy, two kilos of milled rice were received for evaluation of cooking
parameters and sensory qualities for the two storage periods under study

All samples for activities 1 and 2 underwent a complete evaluation for cooking parameters
Simularly, all samples 1n the milled raw form were assessed sensorically However, for the mulled
cooked form, only those stored for three months were subjected to sensory evaluation The strong
unacceptable fermented odor during the determmnation of the cooking parameters of the samples
fiom the six months storage pile led to the suspension of their sensory evaluation

Cooking and sensory assessments were conducted based on the procedure of del Mundo as
stated 1n the previous contract report using the samples from the laboratory set-up

Two sets of consumer panel were employed 1n this undertaking The first group were
farmers, housewives and out-of-school youths from Maitim, Bay, Laguna The second group
consisted of researchers, admunistrative staff and field laborers from UPLB and PhilRice Los

Bafios UPLB students were also included 1n the second group All the participants in both areas
had experience 1n rice sensory evaluation

The experimental samples were replicated 30 times As such, 30 and 56 participants 1n 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 periods

The results of the evaluation are as follows

Acavity 1. Comparative cooking and sensory qualiies of wet paddy(18% moisture
content) stored in a Volcani cube set-up and under conventional storage set-
up

¢ The optimum cooking water for the experimental amount of milled rice from wet paddy
(18% moisture content) stored in a Volcani cube set-up and under conventional set-up
during the mnitial and two storage periods was the same The sample of 14% moisture
content stored under the conventional set-up likewise have the same optimum cooking
water Each 80g mulled rice sample required 100mL (1 1 25) cooking water

e There was no significant difference i percent height increase (used as an indicator of
volume expansion) among samples during each storage period Percent height increase
ranged from 146 9% to 221 4% Meanwhile, cooking time ranged from 154 to 18 4

minutes A generally increasing but msignificant trend in cooking time was noted as
paddy storage 1s prolonged



3

Table 1 Percent height increase of mulled cooked IR64 from paddy stored 1n two set-ups

for various storage periods, 1998

Set-up/Samples % Height Increase/Storage Time
Initial Time Three (3) Six (6)
(0 month) Months Months
Samples Stored Under
Conventional Set-up
- 14% MC 1730 2214 2133
- 18% MC 1635 208 5 2017
Sample (18% MC) Stored 1n a
Volcani Cube
- pile 1 1825 1992 -
- pile 2 146 9 - 1952

- no evaluation as per BPRE sampling design

Table 2 Cooking time of mulled cooked IR64 from paddy stored in two set-ups for various
storage periods, 1998

Set-up/Samples Cooking Time (min )/Storage Time It
Initial Time Three (3) Six (6)
(0 month) Months Months
Samples Stored Under
Conventional Set up
- 14 % MC 16 0 175 182
- 18% MC 154 169 180
Sample (18% MC) Stored 1n a
Volcani1 Cube
- plel 170 170 -
- pile 2 16 0 - 184

- no evaluation as per BPRE sampling design

Tables 3-13 present the results of the sensory evaluation The mulled cooked and raw rice
qualities of the samples with 14% and 18% mousture contents stored under the conventional
set-up and the sample (18% mousture) stored m a Volcan: cube set-up were comparable
during the mitial time After three months of wet paddy storage, the tenderness and
cohesiveness of the mulled cooked rices from the different set-ups remamed comparable
There was also no significant differences in such mulled raw rice qualities as wholeness of
grains, grain translucency and grain brittleness across storage set-ups and durations
Sample from the Volcam cube set-up however became inferior 1n terms of the other
characterifics after storage There was a decrease 1n the overall rating for cooked rice flavor,
color and gloss from mtial time to third month of paddy storage Simularly, the rating for
mulled raw rice color and gloss consistently decline after three and six months of paddy
storage 1n 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 muilled cooked and raw rice samples

1 Aroma The aroma of the sample stored 1n a Volcani cube set-up was significantly inferior

from samples stored under the conventional set-up Off odor specifically a fermented smell
was perceptible 1n both mulled cooked and raw rices from wet paddy stored for three

Sl
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months Eighteen judges from UPLB and 19 from Bay had indicated this off odor 1n the
cooked form Moreover, 21 and 15 judges from the two areas respectively had noted the
fermented smell in 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 distinct fermented smell recorded during the cooking trials In the
raw form, the off odor of the sample stored as wet paddy 1n 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 350% and 51 6% mean acceptability from the two sensory sites was
recorded n the cooked and raw samples from a Volcam cube set-up of three months
storage These percentages were significantly 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% 1n the cooked form and 91 7% 1n the raw form The sample of 18%
moisture stored under conventional set-up had a mean acceptability of 90 0% and 84 7% m
mulled cooked and raw forms, respectively  After six months of paddy storage, only two
judges from Bay and one from UPLB had indicated acceptability for the raw sample from
wet paddy stored 1n a Volcan cube set-up

3 Preference Sample from the Volcan: cube set-up received a consistent negative score in the
mulled cooked form compared to the samples stored under the conventional set-up The
difference m preference score of the milled cooked sample across storage set-ups was
significantly wider for the third month storage than for the imitial ime Simularly, there
was a notable decrease n preference score of nulled raw rice from wet paddy stored 1 a
Volcani cube set-up from mitial ime to three months and to six months of storage

e Meanwhile, between the two moisture levels (14% and 18%) stored under conventional set-up,
samples were found to be generally comparable in terms of the different mulled cooked and raw
rice 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 mulled cooked IR64 stored at 14% and 18% moisture contents
for various storage periods, 1998

Set-up/Samples % Acceptability/ Storage Period/ Area
Initial Time Three (3) Months Si1x (6) Months
(0 month)
UPLB BAY UPLB BAY UPLB BAY
MILLED COOKED
Samples Stored
Under Conventional
Set-up
14% MC 96 7 90 0 90 0 100 0 90 0 90 0
18% MC 1000 933 800 833 733 833
Sample (18% MC)
1n Volcani cube set-up
- pile 1 96 7 90 0 233 46 7 - -
- pile 2 100 0 90 0 - - al *k

- no evaluation as per BPRE sampling design
** not evaluated due to a very strong fermented smell (off odor) established during cooking

trials




Table 3a Percent acceptability of mulled raw IR64 stored at 14% and 18% moisture contents for
various storage periods, 1998

Set-up/Samples % Acceptability/ Storage Period/ Area
Imtial Time Three (3) Months S1x (6) Months
(0 month)
UPLB BAY UPLB BAY UPLB BAY
MILLED RAW
Samples Stored
Under Conventional
Set up
- 14% MC 100 0 900 900 933 800 90 0
- 18% MC 933 86 7 867 833 533 90 0
Sample (18% MC)
in Volcani cube set-up
- pile 1 1000 100 0 433 60 0 - -
pile 2 96 7 933 - - 33 67

- no evaluation as per BPRE sampling design

Table 4 Mean preference of mulled cooked IR64 stored in two set-ups for various storage
periods, 1998

Set up/Samples Mean Preference Score/ 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 007 009 051 051 011 006
18% MC 016 018 028 0 06 -0 11 -0 06
Sample (18% MC)
1n Volcani cube set-up
- pile 1 -0 25 -0 14 -079 -044 - -
pile 2 -018 -012 - - ol wk

- no evaluation as per BPRE sampling design

** not evaluated due to a very strong fermented smell (off odor) established during cooking

trials




Table 4a Mean preference score of
periods, 1998

6

mulled raw IR64 stored in two set-ups for various storage

Set-up/Samples Mean Preference Score/ Storage Period/ Area —"
Initial Time Three (3) Months S1ix (6) Months II
(0 month)
UPLB BAY UPLB BAY UPLB BAY |
MILLED RAW |
Samples Stored
Under Conventional
Set up
- 14% MC 0 06 -0 13 051 0 55 057 040
- 18% MC 023 011 011 -0 18 020 031
Sample (18% MC)
in Volcani cube set-up
pile 1 044 034 -0 62 036 -
pile 2 -0 05 -045 - -079 -071

- no evaluation as per BPRE sampling design

Table 5 Mean aroma scores of muilled cooked IR64 stored in two set-ups for various storage

periods, 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 40 44 35 472 36 40
18% MC 40 45 33 36 32 40
Sample (18% MC)
in Volcani cube set up
pile 1 40 40 15 20 - -
pile 2 40 40 - - ** ll

- no evaluation as per BPRE sampling desing
*% not evaluated due to a very strong fermented smell (off odor) established during cooking trials

Py
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Table 5a Mean aroma scores of mulled raw IR64 stored 1n two set-ups for various storage periods,
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 RAW

Samples Stored
Under Conventional

Set-up
- 14% MC 35 38 29 40 30 28
- 18% MC 34 40 29 30 19 27

Sample (18% MC) "
1 Volcan cube set-up

- pile 1 35 40 16 22 - - "
- pile 2 36 40 - 11 13
- no evaluation as per BPRE sampling design
Numerical Score Equiv_Aroma Description
1 With off odor
2 No aroma
3 Weak aroma
4 Moderately aromatic

Table 6 Mean color scores of mulled cooked IR64 stored in two set-ups for various storage
periods, 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 46 47 41 417 44 45
- 18% MC 46 44 39 40 40 40

Sample (18% MC)
in Volcani cube set-up

- pile i 45 42 40 40 -

- pile 2 45 45 - - *E **

- no evaluation as per BPRE sampling design
** not evaluated due to a very strong fermented smell (off odor) established during cooking trials

A



Table 6a Mean color scores of mulled raw IR64 stored 1n two set-ups for various storage periods,

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 RAW
Samples Stored
Under Conventional
Set up
- 14% MC 43 40 45 49 42 40
18% MC 42 45 39 34 32 36
Sample (18% MC)
1 Volcani cube set-up
- pile 1 46 44 41 36 - -
~ pile 2 40 40 - - 29 30

- no evaluation as per BPRE sampling design

Numeral Value

th B WP —

Table 7 Mean gloss scores of mulled cooked IR64 stored in two set-ups for various storage

pertods, 1998

Color_Description
Blackish white
Grayish white
Yellowish
Creamish white
White

Set-up/Samples

Mean Value/ Storage Period/ Area

Initial Time Three (3) Months S1x (6) Months II
(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 31 28 26 23 34
Sample (18% MC)
1n Volcani cube set up
- pile 1 30 30 23 24 - -
- pile 2 32 33 - - *k **
- no evaluation as per BPRE sampling design

k4 not evaluated due to a very strong fermented smell (off odor) established during cooking trials
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Table 7a Mean gloss scores of mulled raw IR64 stored in two set-ups for various storage
periods, 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 21 26
- 18% MC 24 30 23 23 19 23

Sample (18% MC)
in Volcam cube set-up

pile 1 23 27 21 23 -
pile 2 23 30 - 15 15
- no evaluation as per BPRE sampling design
Numeral Value Gloss Description
1 Very dull
2 Dull
3 Moderately glossy
4 Glossy
5 Very glossy

Table 8 Mean flavor scores of mulled cooked IR64 stored m two set-ups for various storage
periods, 1998

Set-up/Samples Mean Value/ Storage Period/ Area "
Initial Time Three (3) Months Si1x (6) Months "
(0 month)
UPLB BAY UPLB BAY UPLB BAY i
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)
i Volcani cube set-up
pile 1 42 40 23 31 - -
pile 2 42 42 - - *k el

- no evaluation as per BPRE sampling design
** not evaluated due to a very strong fermented smell (off odor) established durtng cooking trials

Numerical Score Equiv_Flavor Description
1 With off taste
2 Bland
3 Weak taste
4 Moderately tasty
5 Tasty

%
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Table 9 Mean tenderness scores of milled cooked IR64 stored 1n two set-ups for various storage
periods, 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 28 30 28 26 25 23
- 18% MC 27 32 26 25 26 24
Sample (18% MC)
i Volcani cube set up
pile 1 27 28 24 25 - -
pile 2 33 26 - - ok *k
- noevaluation as per BPRE sampling design

*+ not evaluated due to a very strong fermented smell (off odor) established during cooking trials

Table 10 Mean cohesiveness scores

of mulled cooked IR64 stored in two set-ups for various
storage periods, 1998
Set-up/Samples Mean Value/ Storage Period/ Area
Initial Time Three (3) Months S1x (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 Volcan cube set up
- pile 1 32 32 29 29 - -
- pile 2 37 32 - - *k *k
- no evaluation as BPRE sampling design

*+ not evaluated due to a very strong fermented smell (off odor) established during cooking trials

Numeral Value

Tenderness Description

Cohesiveness Description
1 Tough Well separated
2 Chewy Separated
3 Moderately Tender Moderately sticky
4 Tender Sticky
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Table 11 Mean wholeness of grains scores of milled raw IR64 stored in two setrups for various

storage periods, 1998

11

I'd

Set-up/ Samples

Mean Value/ Storage Period/ Area

Initial Time Three (3) Months S1x (6) Months "
N (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)
1n Volcani cube set-up
pile 1 44 45 42 38 -
pile 2 41 40 - - 40 40

- no evaluation as per BPRE sampling design

Numerical Score

[ RSSOV O Ry

Table 12 Mean brittleness of grams scores of mulled raw IR64 stored in two set-ups for various

storage periods, 1998

Equiv_ Wholeness of Grains Description

Grits
Broken

Predominantly broken
Predominantly whole grain

Whole grains

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 RAW
Samples Stored
Under Conventional
Set-up
14% MC 43 40 438 47 48 45
18% MC 43 40 45 44 45 40
Sample (18% MC)
1n Volcani cube set-up
pile 1 46 42 45 44 - -
pile 2 435 473 - - 45 43

- no evaluation as per BPRE sampling design

Numerical Score

3
4
5

Equiv Bnttleness of Grains Description

Soft
Soft but yielding
Brttle

(“makunat’™)
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Table 13 Mean grain translucency scores of muilled raw IR64 stored 1n two set-ups for various
storage periods, 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 32 30 35 34 34 33
- 18% MC 33 35 30 28 31 30
Sample (18% MC)
mn Volcani cube set-up “
pile 1 34 34 30 30 - - I
pile 2 32 25 - - 27 23|
- no evaluation as per BPRE sampling design )
Numerical Score Equiv_Grain Translucency Description
2 Opaque
3 Chalky
4 Moderately chalky
5 Translucent

Actvity 2. Cooking and sensory qualities of milled cooked and raw rices of wet paddy stored in
two piles with seven layers in a Volcani cube set-up

Optimum cooking water was the same for the seven samples during the two storage periods A
rice water ratio of 1 125 (100mL water per 80g mulled rice ) was established for all samples
during the third and sixth months of wet paddy storage

Percent height increase and cooking time were comparable across samples during each storage
periods There was however a dimmishing trend 1n height increase and an increasing trend 1n
cooking time as wet paddy storage 1s extended from three months to six months Height
increase ranged from 179 7% to 203 3% for samples of three months of storage and from
157 4% to 194 8% for sample of six months of storage Cooking time was from 16 0 to 18 0
munutes and from 17 4 to 19 0 minutes during month 3 and month 6, respectively

A difference 1n acceptability scores was registered by the two sets of consumer panelists
Consumer panelists from UPLB were generally more choosy compared to the those from
Maitim, Bay, Laguna particularly in terms of milled cooked rice quality ~ The samples from all
layers of the Volcani 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 in
the Volcani cube set-up except those stored 1n the first two topmost layers (layers 1 and 2) In
the milled raw form, both sets of consumer panelists indicated acceptability for samples
coming from layers 3, 4 and 7 during the third month Both sets of panelists also rated the
mulled raw samples from all Volcam cube layers as unacceptable during the sixth month
Despite the negative similarity 1n ratings across sets of consumer panelists, the acceptability

rating given by panelists from Maitim, Bay, Laguna was higher than the rating indicated by
UPLB panelists
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s Preference score indicates choice The consumer panelists were requested to rank the samples
to indicate preference Panelists in UPLB as well as in Bay, unanimously rated the samples
from layer 1 and layer 2 as the worst among the samples from the seven layers The rating was
both for mulled cooked and mulled raw forms from month 3 storage The rice sample from
layer 7 was rated as the best sample 1n both mulled cooked and raw forms After six months of
paddy storage, the samples were no longer presented for sensory evaluation n the cooked
form The samples had distinct off odor and the laboratory staff already refused to taste the
samples presented to them during the optimum cooking water determination Only the mulled
raw rices from the seven layers were presented to the panelists and all were rated unacceptable
However, 1f the panelists have to make a choice from among the seven unacceptable samples,
they indicated higher scores for samples coming from layers 4 to 7

¢ The major drawback of the samples from top layers during month 3 as well as all samples
during month 6 was therr off odor/fermented smell During month 3, fermented smell was
distinct 1n samples coming from layers 1 and 2 Off odor of lesser intensity was noted for all
other samples Between cooked and raw rice forms, the mtensity of the fermented smell was
stronger 1n cooked form After six (6) months of paddy storage, the off odor/fermented smell
became highly perceptible 1n all samples including those in the raw form

e A shght vanation across samples m terms of raw rice characteristics like color, gloss,
wholeness of grams, brttleness of gramns and grain translucency were noted during month 3
Similarly, for month 6 samples, there was an msignificant decrease n overall rating mn terms of
the raw rice characteristics such as gloss, wholeness of grains, brittleness of grains and grain
translucency Color of the raw rice grains however notably changed from creamish white to
yellowish after six months of paddy storage for samples coming from layers 3 to 7 The
yellowish color of the samples from layers 1 and 2 during month 3 were further intensified
during month 6

¢ Among the samples from the seven (7) layers in the Volcani cube set-up, scores and
descriptions for the various sensory attributes were higher and/or better for samples 1n the
lower layers

e Sample from the lowest layer of stored wet paddy 1n a Volcam cube set-up for three months
can still be acceptable m both cooked and raw forms to consumers from a rice farming
community such as Maitim, Bay, Laguna However, regardless of layer, a duration of six (6)
months 1s 1appropiate for wet paddy storage

Table 14 Mean percent height increase of mulled cooked IR64 samples from various layers of
stored wet paddy in a Volcani cube set-up for different storage durations, 1998

Pile Layer % Height Increase /Storage Period
Three (3) Months Six (6) Months
1 203 3 194 8
2 186 7 1574
3 1933 186 9
4 190 0 186 9
5 179 0 177 8
6 186 9 182 8
7 1797 1656

(1
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Table 15 Mean cooking time of milled cooked IR64 samples from various layers of stored wet

paddy 1in a Volcani cube set-up for different storage durations, 1998

Pile Layers

Cooking Time (muns) /Storage Period

Three (3) Months Si1x (6) Months
1 180 18 8
2 16 7 17 4
3 17 8 177
4 189 18 8 "
5 16 0 17 8 |
6 16 3 182 {
7 18 6 190 i

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

% Acceptability/Storage Period/Site

Three (3) Months

S1x (6) Months

UPLB BAY UPLB BAY
MILLED COOKED

1 18 8 28 1
2 28 1 46 9
3 500 750 no sensory evaluation
4 531 812 due to strong fermeneted
5 500 812 odor established during
6 46 9 84 4 cooking trials
7 563 84 4

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 40 6 00 219 |
2 219 469 54 156
3 812 812 94 156
4 78 1 84 4 156 333
5 469 68 8 219 344
6 391 68 8 250 355
7 90 6 96 8 219 312
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Table 17 Mean preference score of milled cooked IR64 samples from various layers of stored

paddy m a Volcani cube set-up for different storage durations, 1998

wet

Pile Layers

Mean Preference Score/Storage Period/Site

Three (3) Months

Six (6) Months

UPLB BAY UPLB BAY
MILLED COOKED
1 -0 69 -0 61
2 -0 35 -0 28 10 sensory evaluation
3 019 021 due to strong fermented
4 010 015 odor established during
5 038 023 cooking trials
6 -0 06 0 04
7 045 047 |

Table 17a Mean preference of mulled raw IR64 samples from various layers of stored wet paddy
in a Volcam 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 -0 38 -0 47 -0 61 -070
2 -0 72 054 -057 -032
3 055 031 -0 30 -016
4 044 017 030 032
5 000 0 00 026 025
6 -0 40 -026 053 038
7 0 66 079 003 019

Table 18 Mean aroma scores of mulled cooked IR64 samples from various 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 | S1x (6) Months
UPLB BAY UPLB BAY
MILLED COOKED

1 12 12
2 16 17 no sensory evaluation
3 20 26 due to strong fermented
4 20 20 odor established during
S 18 26 cooking trials
6 19 28
7 20 29

x.\

e
[

2
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Table 18a Mean aroma scores of milled raw IR64 samples from various layers of stored wet
paddy 1n a Volcani cube set-up for different storage durations, 1998

Pile Layers Mean Value/Storage Period/Site
Three (3) Months I S1x (6) Months
UPLB BAY UPLB BAY
MILLED RAW
1 17 15 10 16
2 18 17 10 14
3 27 28 10 13
4 26 25 12 17
5 22 26 14 15
6 18 23 11 20
7 33 22 12 14
Numerical Score Equiv__Aroma Description

1 With off odor

2 No aroma

3 Weak aroma

4 Moderately aromatic

5 Aromatic

Table 19 Mean color scores of milled cooked IR64 samples from various layers of stored wet
paddy mn 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 32 33
2 38 39 no sensory evaluation
3 42 44 due to strong fermented
4 41 42 odor established duning
5 44 44 cooking trials
6 43 41
7 41 45
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Table 19a Mean color scores of mulled raw IR64 samples from various layers of stored wet
paddy 1n 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 RAW
1 35 34 29 28
2 34 34 30 31
3 42 44 32 31
4 41 36 40 36
5 38 39 39 36
6 36 37 38 36
7 44 44 33 31
Numeral Value Color Description
1 Blackish white
2 Grayish white
3 Yellowish
4 Creamish white
5 Whaite

Table 20 Mean gloss scores of milled cooked IR64 samples from various layers of stored wet
paddy in a Volcan 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 18 17
2 26 30 no sensory evaluation
3 26 34 due to strong fermented
4 24 31 odor established during
5 28 31 cooking trials
6 26 31
7 25 32
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Table 20a Mean gloss scores of mulled raw IR64 samples from various layers of stored wet
paddy in a Volcan 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 RAW

1 22 22 14 14
2 18 21 16 18
3 26 33 14 19
4 27 26 19 22
5 21 30 20 19
6 20 19 19 22
j 20 34 17 20

Numeral Value

(U QNG UR I O

Gloss Description
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 Volcani cube set-up for different storage durations, 1998

Pile Layers Mean Value/Storage Period/Site
Three (3) Months I Six (6) Months
UPLB BAY UPLB BAY

MILLED COOKED

1 23 23

2 29 23 no sensory evaluation

3 32 36 due to strong fermented

4 30 32 odor established during

5 27 33 cooking trials

6 31 35

7 30 38

Numerical Egquiv_Flavor Description

Score

wmhH Wk —

With off taste
Bland

Weak taste
Moderately tasty
Tasty

I
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Table 21 Mean tenderness scores of milled cooked IR64 samples from various layers of stored
wet paddy 1in a Volcani cube set-up for different storage durations, 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 fermented
4 27 29 odor established during
5 30 32 cooking tnals
6 28 29
7 27 28

Table 22 Mean cohesiveness scores 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 Mean Value/Storage Period/Site
Three (3) Months l S1x (6) Months
UPLB BAY UPLB BAY
MILLED COOKED
1 29 25
2 32 26 no sensory evaluation
3 33 33 due to strong fermented
4 30 32 odor established during
5 32 33 cooking trials
6 35 34
7 32 33

Numeral Value

NoN UV S

Tenderness Description

Tough
Chewy

Moderately Tender

Tender

Cohesiveness Description

Well separated
Separated
Moderately sticky
Sticky



Table 23 Mean wholeness of grains scores of mulled raw IR64 samples from various layers of

20

stored wet paddy 1n 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 RAW

1 35 38 36 35
2 29 33 40 39
3 41 40 43 41
4 43 40 44 41
5 35 35 44 43
6 25 26 45 43
7 34 47 42 40

Numerical Score

bW

Table 24 Mean brittleness of grains scores of milled raw IR64 samples from various layers of

Equiv_Wholeness of Grains Description

Grits
Broken
Predominantly broken

Predominantly whole grain

Whole grains

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 RAW
1 41 43 45 472
2 41 40 47 472
3 43 45 47 43
4 477 472 48 44
5 472 41 46 45
6 41 39 48 45
7 47 45 46 473

Numerical Score
3
4
5

Equiv_Brttleness of Grains Description

Soft

Soft but yielding  (“makunat™)

Brittle
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Table 25 Mean gram translucency scores of mulled raw IR64 samples from various layers of
stored wet paddy 1n a Volcani cube set-up for different storage durations, 1998

Pile Layers Mean Value/Storage Period/Site
Three (3) Months Si1x (6) Months
UPLB BAY UPLB BAY
MILLED RAW
1 28 28 20 18
2 24 26 26 25
3 33 35 29 26
4 34 30 30 32
5 30 31 32 30
6 27 25 31 28
7 34 34 30 26
Numerical Score Equiv_Grain Translucency Description

2 Opaque

3 Chalky

4 Moderately chalky

5 Translucent
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PREVENTION OF MOISTURE MIGRATION IN SEALED
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Abstract

A sealed structure that provides protection of grain without the use of chemical pesticides and
termed "Volcani cube" was used 1n these experiments A major advantage of the Volcani cube
1s that 1t can be used to safely store grain outdoors when no suitable storage buildings are
available However, under tropical conditions, when grain 1s stored 1n the open with no shade,
ambtent diurnal temperature fluctuations, can create temperature gradients within the stack that
cause convection currents to carry moisture to the upper layers of graimn To overcome this, an
upper insulating layer of bags contamning straw or husks was employed Under Filipino
conditions this solution enables safe storage of maize and paddy for periods of up to three
months, while for more extended periods the top moistened layer of husks should be replaced
with dry material This method, although solving the pioblem, suffered from the mherent
disadvantages of reduction i effective storage capacity, the necessity to procure and transport
materal to fill the bags, and the added expense of bags not used for sto1ing grain

In a search to develop an alternative mexpensive and convenient method of msulating the stack
from diurnal temperature fluctuations, the use of a shade screen placed above the cube was
investigated This material described as a knitted thermal screen 1s formed from aluminum
coated high density polyethylene threads

Trials 1n Isiael and the Philippines showed that the 1eflective covers had a strong attenuating
influence on temperature gradients and condensation at the top of the cubes on condition that
a space for fiee movement of air was allowed between the cover and the plastic liner For dry
paddy, it was shown that after five months storage under a reflective cover, no perceptible
increase 1n moisture content was found at the top of the stack and the grain 1emamed in good
condition (306 woids)
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INTRODUCTION

Two R&D projects carried out over the past nine years by The Bureau of Postharvest
Research and Extension (BPRE) in the Philippines, with the cooperation and support of the
Agricultural Research Organization (ARO) 1n Israel, have focussed on the outdoor storage of
grain mside hermetically sealed plastic lmers termed Volcani cubes (Alvindia et al, 1994,
Caliboso 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 whuch 1s directed at providing farmer cooperatives
with on-site storage units so as to decentralize storage of the national grain reserve as well as
provide rural communmities with a higher level of food security Implementation of this policy
1s, under way, and already the concept of sealed storage to protect dry graimn from insect
infestation has been widely promoted together with the distribution of the flexible plastic
outdoor storage cubes that were developed during the course of this project In 1998, about
200 wunits were distributed to farmers' cooperative recipients nationwide Presently,
government orders have been placed to purchase additional units for distribution among
farmer cooperatives The second project was designed to provide a solution to the acute
reglonal problem where paddy-rice 1s harvested at high moisture contents (MCs) during the
monsoon season This paddy must then be dried rapidly to a safe MC 1n order to prevent 1t
from molding and rotting However, 1f the paddy is dried rapidly from about 30% to the
required "safe” MC, the grains suffer stress resulting in cracking and breakage To overcome
this problem a two-stage drying procedure 1s advocated where the paddy 1s mmtially dried to
18% (intermediate MC), at which stage yeast and bacterial activity are suppressed, followed by
a second stage drying from 18 to 14% MC to prevent the development of storage molds The
technology bemng developed 1n the second project 1s intended to enable farmers to overcome
the bottleneck that occurs at the second drying stage by providing them with a means of
storing the mtermedrate MC paddy under tightly sealed conditions and thereby prevent
spoilage for prolonged periods until drying by sun or machine 1s again an available option

One significant finding 1n the first project was that under Filipmo conditions, for dry paddy or
corn stored 1 cubes outdoors with no shade, the diumal temperature fluctuations of the
ambient, created temperature gradients within the cubes that caused convection currents to
carry moisture to the top of the stack To overcome this, an upper msulating layer of bags
containing rice hulls or corn cobs was advocated This method effectively solved the problem
but also suffered from several inherent disadvantages, namely reduction in 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 storing gramn It was shown that under
Filipino conditions this method enables safe storage for periods of up to three months For

more extended time periods the wet top layer of husks or corn cobs should be replaced
(Navarro et al 1995)

In the second project 1t was envisaged from the outset that when intermediate MC grain (circa
18% MC), 1s stored outdoors this phenomenon would also occur and would probably be even
more critical since any rise above 18% MC 1s liable to trigger the anaerobic metabolism of
bacteria and yeasts that have a strong mfluence on grain quahity, particularly taste and aroma

In a search to find an alternative mexpensive and convenient method of insulating the stack
from drurnal temperature fluctuations, the use of a shade-providimg awning consisting of
"Polysac - Aluminet" was mvestigated This matenial 1s described by the manufacturer as a
knmitted shade cloth for use as a thermal screen and formed from aluminum coated high
density polyethylene threads The trials described here were undertaken to study the
effectiveness and applicability of these screens in protecting the gramn stacks The first tnials
were carried out mn Israel using a 10 ton capacity cube contamming wheat, in order to obtam
prelimmary data and to fine-tune the method Later trials were carried out both 1n Israel and
the Philippines

1



TRIALS IN ISRAEL

Materials and Methods

The first trial 1n Israel was directed at simultaneously comparing the day-time temperature
gradients at the top of a storage cube, between unprotected and protected segments of the
upper liner Two densities of shade material were compared during day-time only, and the
msulating effect of the two types was examined both when the cover was spread directly over
the top of the liner (Fig 1a) and also when 1t was separated from the liner by a distance of 10
cm using spacers (Fig 1b)

20 c¢m spacer (10cm & PVC tubing)
reflective cover

J'DJ‘{I!J‘J‘IJ'H-’J‘

P; -'-'-F-":f')ln'f-?‘-?'.’. T’Z \ f .—f-’l T\é
Sealed storage cube Sealed storage cube
\ / \

T1 & T2 = temperature loggers

Fig 1 Set-up in first Israeli tial to compare day-time temperatures at the upper liner, between
covered and uncovered section, and between cover with spacers and cover without spacers

Results of this first trial were inconclusive even though they indicated a decrease in
temperature gradient of the stack when protected by the cover Therefore a second trial was
undertaken 1in which temperature measurements were recorded using data-loggers ("Hobo",
Onset Computer Corp ) to enable temperature gradients to be monitored at mght-time, when
condensation problems are more acute However, 1n this case, an entire cover was used, and a
7-days on and 7-days off regime was employed Here, the problem of fixing the cover above
the cube became evident To "solve" this pioblem, 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 (Fig 2)

However, n this way the sides of the space above the cube were sealed by the cover We
believe that although we recorded a small reduction in 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 in trapping the heat between the cover and liner
during day-time Later, this heat dissipated rapidly upwards through the screen as the ar
above 1t cooled towards dusk Again, results of this trial are not given here
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10 cm spacer (10cm & PVC tubing)
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Attachment cord\&

Sealed storage cube

\_ J

T1 & T2 = thermocouple points

Fig 2 Tnal using protective cover pulled down at sides and attached to tenston straps

The third trial m Israel was designed to overcome this problem (Fig 3)

20 cm spacer (10cm & PVC tubing)

. “
AL P Py e P P T T Th P e T oo 0 S0 Fin T e T I |

o oTi [ ] 1
’, o712
Attachment cord d o T3

T~

Sealed storage cube

L )

T1, T2 & T3 = Data loggers

Fig 3 Tnal in which air could freely move between the cover and the upper liner of the cube

In this trial the reflective cover was stretched over the top of the cube using 20cm spacers, and
care was taken to ensure that the cover was not brought down at the sides, but remained with a
gap to permut free air movement beneath the cover At weekly mtervals the cover was removed
or replaced so that three alternating series of recordings (cover on, cover off) were obtamned
Three data loggers, set to record temperatures at one hour intervals, were placed at the center
of the cube, one above the liner, one below the liner, and one within the upper layer of bags at

a depth of 10 cm At the end of the tnal the recordings were down-loaded into an Excel
spreadsheet

1
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Results

A summary of the amassed data 1s provided m Table 1 The Table clearly reveals the
attenuation 1n daily temperature fluctuations caused by the reflective cover Over the course of
the tnal, the average daily temperature above the lmer was about 7 degrees lower, with the
cover m place, than without 1t and this was particularly evident during the day-time (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 Volcani cube at Bet Dagan Israel (28th March to 10th June 1998)

a) Weekly averages of 24 hour recordings

Week reflective |above below liner 10cm  |Ambient |Temp Temp Temp
(1998) cover liner temp gradient |gradient |gradient
(A) B) © (A-B) Aa-© B-C)
Average  {With 227 223 217 216 04 11 06
Average  |[Without 269 261 239 226 24 46 22
b) Weekly day-time averages of sunlight hours (9am to 6pm)
Week reflective |above below liner 10cm  |Ambient |Temp Temp Temp
(1998) cover hner Temp gradient |gradient |gradient
Aa) B) © (A-B) (A-C) B-O)
Average  [With 292 271 211 263 21 81 60
Average Without 435 358 233 267 78 203 125
¢) Weekly night-tuime averages (7pm to 8am)
Week reflective jabove below liner 10cm |Ambient |Temp Temp Temp
(1998) cover Iimer Temp gradient |gradient [gradient
(A) (B) © (A-B) (A-C) B8-C)
Average With 181 189 220 183 -0 8 39 -32
Average  |Without 183 195 243 196 -12 60 -4 8

The temperature gradients shown 1n the Table reveal the conditions that generate a continuous
rhythm of convection currents, when, during the night, moisture 1s transported to the surface
layers, and during the day-time the surface layers lose moisture as they heat up In the Israel:
climate, we have shown (Navarro et al , 1996) that throughout the year there 1s no marked net-
moisture transfer to the surface 1 the storage cubes, and no special precautions need be taken
However, already 1t has been already shown that for outdoor storage of dry gram i the
Philippines, there was a contmuous though gradual process of moisture transfer to the surface
due to the fact that the net moistening effect at night was greater than the net drymg effect
during the day Therefore 1t was evident that trials would have to be carried out in the
Philippines to venfy whether thus reflective lmer could serve as a replacement for the
msulating top layer of agricultural wastes as used i the present storage method for dry gram,

or 1f 1t can effectively retard moisture mugration during the storage of mtermediate MC paddy
under tropical conditions
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TRIAL IN THE PHILIPPINES
Materials and Methods
This trial was carried out 1n conjunction with a field trial for storage of mtermediate MC
(approximately 18%MC) paddy m order to evaluate quality conservation, using two ten ton
capacity cubes, one for a three month, and one for a s1x month duration
An additional cube contaming dry paddy at 14% MC was set up for 5 months under a
separate reflective cover but was not momitored for temperature gradients
The cubes were set up at the BPRE (NAPHIRE) compound 1n Mufioz using freshly harvested
paddy (IR64) that was dnied to approximately 18% MC from hugher MCs using a fludized
bed dryer, and using paddy sun-dred to 14%MC
In this trial the 70% density reflectrve covers were suspended over the cubes using a series of
poles and guy ropes to create a tent shaped awmng that also partially protected the sides
Temperatures were logged hourly above the liners, below the liners, 10 cm withn the upper

grain layer, and n the central core of the stacks at 18%MC The set-ups were as shown m
Fig 4

Mousture contents at the different stack layers within the cubes were recorded at the beginning
and end of both storage periods

_‘_‘f-?‘ L
‘.—.IJ' -"."\_\.5
L MRS
r-'?‘. Ry

1= =

Fig 4 Experimental set-up of reflective liner at Mufioz, Philippines

Results

A summary of temperature gradients recorded over a representative period of the different
storage durations (November - December) 1s given mn Table 2 For comparison, day-time

temperature gradients recorded during a previous trial without reflective cover (July - August)
are also provided

The Table shows that with the reflective cover set up as an awning over the cubes, temperature

gradients both at night and day-times were small and compared favorably with those recorded
m Israel
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Table 2 Summary of 16 days of recordings taken by temperature loggers 1n a Volcam cube protected by a
reflective cover at Mufioz Philippines

a) Average daily

Reflective cover (23 November 7 December)

Temp (°C) [Above [Beneath {10cm  |Temp gradient |Temp gradient |Temp gradient
Liner Liner Deep
A B C A-B A-C B-C
Average 284 276 280 08 04 -04 r
daily
Averagemax| 366 352 304 30 g1 69
Average min 236 228 262 12 -34 38

b) Average day-time

Reflective cover (23 November 7 December)

Temp (°C} |Above |Beneath |10 cm  |Temp gradient {Temp gradient |Temp pgradient
Liner Liner Deep

A B C A-B A-C B C
Average 333 318 286 16 438 35
daily
Averagemax| 370 351 303 31 83 69
Average min 291 270 201 -09 12 14

No cover (9 July 26 August)

A B C A-B A-C B-C
Average 39 88 3315 3098 673 8 89 217
daily
Average max | 50 88 3943 3341 1423 19 84 641
Averagemin | 3012 29 69 28 36 073 -112 243

c) Average might-time

Reflective cover (23 November - 7 December)

Temp (°C} |Above [Beneath {10cm  [Temp gradient |[Temp gradient |[Temp gradient
Liner Liner Deep
A B C A-B A-C B-C
Average 253 249 276 04 -2 8 24
nightly
Averagemax| 289 289 299 12 -10 -09
Average min 236 22 8 260 04 -38 -3 4

Calculations based on average might temperatures read-outs show that since 18% MC paddy
has an equ1va13ent EMH of 92% RH the water content of the air at 10 cm depth, would be
about 25 1g/m’ at 27 6°C If this air nises due to the night-time temperature gradient and cools
at the surface below the lmer to 24 9°C then at 100% RH 1t would contamn 23 lg/m’ Namely

thze would be a condensation of 18 gm for every cubic meter of arr reaching the upper
surface

cre,
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Although the data-logger records show that for most of the night duration, ar at 92% RH
(=18% grain EMC) would become saturated when 1 contact with the upper plastic liner, the
very small temperature gradient would produce only feeble convection currents For a direct
evaluation of the net effect of moistening of the surface layer at mght-time and drying during

the day-time, the MCs at the top of the stack were examined after 3 and 6 months These
findings are given i 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 1n the top layer and 2% MC 1n the second layer
Since MCs above 18% (EMH = 92%) enable the development of yeasts and bactena that can

cause rotting and the development of unpleasant odors, the organoleptic characteristics of the
paddy were also seriously affected

Table 3 Average moisture contents of intermediate moisture content paddy hermetically stored 1n a Volcam cube
1n the Philippines for 3 months

Position [Composite Beginning 3 months Composite sample (all
bags 1n each layer of Average
stack (3 readings)
sample (Av 6 22-Nov-98 23-Feb 99 23 Feb 99
readings
Top 1 180 193 Top 1 220
2 179 198 2 204
3 180 201 3 180
4 180
1 180 172 5 183
Maddie 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 Volecam cube
for 6 months

Position  |Composite Beginning 3 months Composite sample (all
bags in each layer of |Average
istack) (3 readings)
sample (Av 6 22-Nov-98 21-May-99 21-May-99
readings
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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Six_months storage 18%MC Table 4 shows that the continued upwards movement of
moisture resulted 1n even higher MCs at the upper layers at the end of the 6 month storage
period However, here agam the accumulation of moisture was only noted m the top two
layers

Dry grain storage At the end of the 5 month storage period, (7th December 1998 to 5th May
1999) the stack was opened and examned, and although a comprehensive examunation 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 mn MC, and the grain was dry throughout the
stack

SUMMARY AND CONCLUSIONS

The trials 1n Israel showed that the reflective covers had a strong attenuating mfluence on the
development of temperature gradients and condensation at the top of the Volcam cubes placed
in the open, providing a space for free movement of air was provided between the cover and
the plastic lmer This was confirmed m the Phuippines, but field trials with 18% MC paddy
showed that this msulating 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 increase in moisture content was found at the top of the
stack and the gramn remained m good condition

As a result of these findings, a decision was taken to discontinue recommendations for
inclusion 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
1n the carrying bag of the storage-kit, and instructions on setting up the cover would be added
to the manual Two additional configurations for positioning the reflective cover are given in
}" - &
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Fig 5 Additional configurations for posittoning the reflective cover above the storage cube
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