
APPROVAL SHEET

TOTAL WEIGHT LOSS ASSESSMENT OF PADDY

 AT AMBIENT STORAGE

Recommending Approval:

MA. ELVIRA M. MARTINEZ

Division Chief, TRD

__________________

Date

Approved:

ROGELIO  A. MACUTAY 

Department Manager, TRDD

_________________________

Date



Republic of the Philippines

NATIONAL FOOD AUTHORITY

Quezon City

TOTAL WEIGHT LOSS ASSESSMENT OF PADDY

 AT AMBIENT STORAGE

LITA B. BERNAL

Research Specialist

TESSIE Q. RAMIREZ

Research Specialist

MA. ELVIRA M. MARTINEZ

Division Chief III

CRESTITUTO C. MANGAOANG

Assist. Director, TRDD

Technology Resource Development Directorate

Technical Research Division

May, 2003



BASIC INFORMATION

1. Research Title : Total Weight Loss Assessment of Paddy At

Ambient Storage

2. Researchers : Lita B. Bernal

Tessie Q. Ramirez

Ma. Elvira M. Martinez

3. Research Site : NFA-Cabanatuan City

4. Funding Agency : National Food Authority

5. Budget : P 1,080,000.00

6. Duration : 45 months

7. Commodity : Paddy

i



TABLE OF CONTENTS

BASIC INFORMATION i

LIST OF TABLE ii

LIST OF FIGURES iii

ABSTRACT 1

INTRODUCTION 2

OBJECTIVES 2

METHODOLOGY 3

DISCUSSION OF RESULTS 5

SUMMARY AND CONCLUSION  9 

ACKNOWLEDGMENT 10

REFERENCES 10

ii



LIST OF TABLES

Titles Page No.

Table 1. Quality Changes of Stored Paddy 5

Table 2. Grains’ Microenvironment 6

Table 3 Frequency Distribution of the Grains Microenvironment 6

Table 4 Equation for Moisture Content Loss Estimate 7

Table 5 Total Weight Loss Predictors 9

`

LIST OF FIGURES

                 Titles Page No.

Figure 1. Yellow and Damaged Kernel of Paddy in Storage 5

Figure 2. Weight Loss and MC Loss of Paddy During Storage 7

Figure 3. Moisture Content Loss of Paddy in Storage 7

Figure 4. Total Weight Loss Estimates 8

iii



Total Weight Loss Assessment of Paddy At Ambient Storage

by

Lita B. Bernal, Tessie Q. Ramirez1

 Ma. Elvira M. Martinez2 and Crestituto C. Mangaoang3

ABSTRACT

Paddy gains incurred weight loss at prolonged storage. The total weight loss (TWL) of paddy

was primarily caused by moisture evaporation especially on the first 1.5 years of storage.

The TWL showed a steep, linear trend on the first 1.5 years, primarily due to moisture

evaporation. It tapered off on the rest of the storage period up to 3.5 years indicating a slow

rate, logarithmic pattern, this time with moisture loss practically constant and only the other

loss-causing factors mainly adding up for total weight loss.

The equations generated are % TWL = 0.004762 (SP, days) for the first 597 days and % TWL

= -5.21+ 1.26 ln (SP, days) for 598 - 1275 days of storage.

The moisture loss of stored paddy, the primary factor of TWL, is also given by a linear

equation, % MC Loss = 0.00454 (SP), for the first 549 days and a logarithmic one, % MC

Loss = -2.2 + 0.744 (ln SP) for the rest of the storage period up to 1275 days.

As storage period was prolonged, the quality of the paddy grains also increased to a

minimum level. The grain was able to maintain its palay grade 2 (PG2) classification with

3.5-7% yellow and damage grain requirement.
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INTRODUCTION

NFA is not only concerned with quality loss but also focuses with the quantity loss of grains

in storage.  There are several weight loss-causing  factors that affect paddy in storage such as  

shrinkage, insect infestation, rodent and bird infestations, spillage, and other causative

factors.  The extent of loss per factor is oftentimes difficult to ascertain because of the

interplay of these factors upon the commodity at the same time.

Several loss assessment studies had been conducted to determine the extent by which these

factors specifically affect weight losses.  Examples are the 0.0095-0.1872% grain loss due to

spillage (Yalung and Bernal, 1988), and the 3.6 kg/day loss of stored grains due to rodents

(Sayaboc et al, 1984). Ramirez et al (1993) was, however, able to conduct a study that

established a mathematical equation, Y - -0.085458 + 0.0075178X (Y is % total weight loss

and X is storage period in days),  to determine the total weight loss incurred by paddy grains

while being stored for 18 months. The established equation summed up the losses caused by

all loss-causing factors. The equation is now currently used by the Tolerable Allowance

Committee (TAC) in granting tolerable allowances (TOLA) to accountable officers in the

NFA. But the equation is limited to paddy grains stored for 18 months and therefore cannot

be used to grant allowance to accountable officers who continuously handle the same paddy

stocks for more than 18 months.  It is in this perspective that this study  on  total weight loss

assessment for longer period of storage was conducted. The result of the study could be used

as  basis  by the TAC in granting tolerable allowance to accountable officers who handled

paddy for more than 18 months.

OBJECTIVE

� To formulate an equation to predict the total weight loss incurred by paddy at a given

period of storage 

� To determine the moisture loss of stored paddy.

� To find out the quality changes of paddy that may occur during  storage.
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METHODOLOGY

A. Materials

15,000 bags paddy

weighing scales

pallets

pallet matting

moisture meter

B. Determination of Total Weight Loss (TWL)

The study was implemented at NFA-Cabanatuan City grains complex. All the

equipment such as truck scale, platform scale, and moisture meter were calibrated

before they were used. Likewise, the warehouse spaces provided for the experimental

piles were thoroughly cleaned and were subjected to residual spraying. Three replicate

piles of paddy with an estimated quantity of 5,000 bags each were set up as

experimental piles. Types of sacks used as container were determined to get the exact

net weight of the paddy.  Total initial weights for each pile of the newly procured

paddy (PG2)  were  taken simultaneous with piling.

The weight, quality change and moisture

content of paddy was monitored every

three months for a duration of 42 months

or 3.5 years.  During the weight

monitoring, the experimental piles were  

repiled in a thoroughly cleaned vacant

space allocated for the purpose.  Samples

collected for physical analysis every

monitoring period and the spillage that

were gathered daily from the surroundings

were included in the weight of each respective piles. The experimental piles of paddy

are subjected to the prescribed pest control measure during the storage period.
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The total weight loss (% TWL) incurred every monitoring period is determined by

using the following  formula :

%TWL = WI  -  WF    x  100

WI

where TWL = total weight loss

 WI = initial weight 

    WF = weight at a given monitoring period

D.  Moisture Content Loss Determination

The moisture content of paddy was determined right after the samples were

withdrawn from the piles by air oven method. The % moisture content loss (% MCL)  

incurred was determined using the following formula:

%MCL = MCI - MCF

1 - MCF

where MCL  = moisture content loss

MCI = initial moisture content

MCF = Final moisture content

E. Quality Loss Determination

The samples collected were subjected to physical analysis to determine the following

quality parameters:

Yellow kernels, %

Damaged kernels, %

C. Statistical Analysis 

Regression analysis was the statistical tool used to determine the relationship

between:

� quality changes (yellow and damaged grains) and storage period,

� moisture loss and storage period, and

� total weight loss (TWL) and storage period,
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DISCUSSION OF RESULTS

A. Quality Changes

Quality of paddy in storage is determined

by the presence of discolored/yellow and

damaged kernels. It was observed that the

yellow and damaged kernels did not

considerably increase even if it was stored

for 3.5 years. At the initial storage period,

the average yellow kernel was 0.65% and

rose to 1.56% while the damaged kernel

was 1.64% and rose to 3.90% (Table 1).

Although there was an observed increase in

yellow and damaged kernels, the experimental paddy was still within the NFA standard

classification for PG2.

The statistical analysis on yellow and damaged kernel (Table 1 and Figure 1) show

moderate correlation, r, with storage period. There is a relationship between quality

change and time but it is not strong enough to come up with a  mathematical equation to

accurately define such relationship.

r - correlation coefficient

0.783.91.64Damaged Kernels, %

0.631.560.65Yellow/Discolored grains, %

r    Final (42 months)InitialQuality Indicators

Table 1. Quality changes of stored paddy

an average of 13.2% moisture content. This was within the maximum moisture

requirement of 14% for safe storage. Being hygroscopic, the moisture present in the paddy

grains continued to evaporate in order to be in equilibrium with its microenvironment.

Table 2 shows the microenvironment condition of the paddy grains while Table 3 gives

the frequency of occurrence of the RH and temperature within the pile. Most of the data

on
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temperature were within the range of 28.1-30 °C. Since the temperature fluctuation was

minimal, this did not affect the grains in terms of moisture evaporation (Houston, 1972;

Ramirez and Bernal, 2003).

1.11.25.2Standard Deviation

13.235.074.5Maximum

10.326.152.0Minimum

11.529.560.4Average

Moisture Content, 

%

Temperature, 

°C

Relative Humidity, %

Table 2. Grains’  microenvironment

For RH taken within the pile, most of the data generated ranged from 55-60%. According

to an EMC-RH table made by many grain scientists and published by Houston (1972), the

MC of paddy grains at about 30°C and 55-60% RH is about 10.7-11.4%. Thus, the stored

paddy equilibrated with its microenvironment resulting to a decreasing moisture content

until it reached the equilibrium moisture content.

624Total624Total

434.1-363270.1-75

1732.1-3411165.1-70

17930.1-329360.1-65

38328.1-3027955.1-60

4126.1-28109[55

FrequencyIntervalFrequencyInterval

Temperature, °CRelative Humidity

Table 3. Frequency Distribution of the grains’ microenvironment

Moisture evaporation effected  moisture loss and consequently weight loss. The moisture

loss followed an increasing linear trend within the first two years as presented in the

scatter plot in Figure 2. The remaining period shows a slower rate of moisture reduction. 
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The linear trend of moisture loss is given by the equation

% MC Loss = 0.00454 (SP, days)

which has a very high correlation of determination (r2 = 0.95) from the start of storage up

to 549 days, after which the pattern changes to logarithmic trend with the equation

% MC Loss = -2.2 + 0.744 ln (SP, days)

from the 550th  up 1,275th day. The first 549 days have faster rate of moisture loss

compared to the remaining period. It was then easier for the grains to evaporate its free

moisture. Afterwards, the grains had minimal free moisture to evaporate which then

resulted to a slower rate of moisture

loss. Table 4 shows the equation that

gives the estimated moisture loss

while Figure 3 shows the application

of the moisture loss equations. The

said equations are only accurate within

the specified storage period.

MC = Moisture Content Loss, %

SP = Storage Period, days

r2  = Coefficient of Determination

0.86MCL = -2.2 + 0.744 ln (SP)550 - 1275

0.95MCL  = 0.00454 (SP)1 - 549

r2Regression EquationStorage Period, days

Table 4. Equations for Moisture Content Loss Estimate
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C. Total Weight Loss

The paddy stored for the duration of the

study lost some of its weight as a result of

moisture evaporation, insect consumption,

and other loss-causing factors. Figure 2

shows the scatter plot of the total weight

loss incurred by the paddy throughout the

3.5 years of storage. Just like the moisture

loss, the total weight loss also shows a

direct linear trend during the first two years

of storage after which the slope decreases. The gap between TWL and MC loss in a given

storage period in Figure 2 gives the

equivalent loss associated with other

loss-causing factors such as insect

consumption, rodent and bird consumption,

grain and microbial respiration, and other

unidentified factors. The TWL sums up all

these loss-causing factors including loss

due to moisture evaporation.

Based from the scatterplot in Figure 2, a

linear TWL trend from the start of storage period up to  about 597 days or 1.5 years is

shown, in Figure 4 afterwhich it tapered. The patterns given from the TWL data suggest

that separate equations should be made to satisfy the linear trend as well as the tapered

portion of the scatterplot. Hence, developing two regression equations is necessary (Table

5).
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The first  mathematical tool, a direct linear equation

% TWL = 0.004762 (SP)

and with r2 = 0.89 shows that TWL from the first day up to 597th day has a constant slope

of 0.00534. This slope represents the rate of total weigh loss incurred by the paddy grains

in its first 1.5 years in storage. From the 598th to 1,275
th

 day, the second mathematical

tool, a logarithmic equation,

% TWL = - 5.21+ 1.26 (ln SP)

and with r2 = 0.98, is used to predict the % TWL.

The linear equation shows a steeper slope than the logarithmic equation. The steeper slope

indicates higher rate of loss. The higher rate of loss given by the linear equation is

primarily attributed to moisture evaporation by the grains. Actually, the TWL equations

follow the trend of the MC loss equations, only that the TWL equations have higher rate.

TWL = Total Weight Loss, %

SP = Storage Period, days

r2 = Coefficient of Determination

0.98TWL = - 5.21+ 1.26 (ln SP)598 - 1275

0.89TWL = 0.004762 (SP)1 - 597

r2Regression EquationStorage Period, days

Table 5.  Total Weight Loss Predictors

SUMMARY AND CONCLUSION 

The major contributory factor to weight loss of stored paddy is its giving off some of its

moisture content in order to be in equilibrium with its surroundings. Other factors include

grain respiration, insect consumption, rodent and bird consumption. All these factors summed

together result to total weight loss. The TWL has a faster rate at the early stage of storage and

tapers to a slower rate at the later part of the storage period, thus, two equations were

generated in order to capture both fast and slow rates of weight loss. The generated equations

that help simplify the determination of weight loss of stored paddy are % TWL = 0.004762

(SP, days) for the first 597 days while % TWL = - 5.21+ 1.26 (ln SP) for the rest of the period

up to 1275 days.  The TWL’s first equation follows a fast linear trend while the second shows

a slow logarithmic trend.
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The primary cause of TWL is moisture loss. Stored paddy losses its moisture at a fast linear

rate of % MCL = 0.00454 (SP, days) on the first 549 days of storage. Afterwards, it tapers to

a slow rate following a logarithmic pattern given by the equation % MCL = -2.2 + 0.744 (ln

SP).

While the grains were in storage, quality decline measured in terms of yellow and damaged

grains was not avoided. However, the decline was minimal because the paddy stock was able

to maintain its original palay grade 2 (PG2) classification which requires the presence of

3.5-7% yellow and damage grains.
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