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Monitoring Mycotoxins and Pesticides in Grain 
and Food Production Systems for Risk 
Management in Vietnam and Australia

 

N. Lee*, A.S. Hill†, Bui Van Thin§, Tran Van An§, Le Van To§ and
I.R. Kennedy*

 

Abstract

 

Contamination of agricultural produce with mycotoxins and pesticides can present serious problems, both
for human health and the economic value of crops. Mycotoxins may develop either in crop production, or
in storage, where drying technology may be preventative. Pesticide contamination occurs either by direct
application to food commodities or as a result of environmental transport as drift, volatilisation, or in run-
off. Contamination can be reduced or prevented by correct practices, both while farming and postharvest.
However, the development of effective practices demands a rigorous monitoring program to ensure
contaminated produce is detected and not consumed by humans or livestock.

A collaborative research project (PHT/1996/004) funded by the Australian Centre for International
Agricultural Research (ACIAR) to monitor mycotoxins and pesticides in grain and food production
systems for risk management in Vietnam and Australia has commenced. This project involves six research
organisations—three in Vietnam and three in Australia. These are the Post-Harvest Technology Institute
(PHTI), the Pasteur Institute, and Vietnam National University College of Agriculture and Forestry (UAF)
in Ho Chi Minh City, University of Sydney, Commonwealth Scientific and Industrial Research
Organisation (CSIRO) Plant Industry and AWB Research Pty Ltd (Agrifood Technology). The objectives
of the project are listed below:

• to develop immunochemical methods for major mycotoxins and pesticides for detection of
contamination in grain, vegetables, dried fruits and peanuts;

• to train Vietnamese project scientists both in the methodology for the development of immunoassays
and related simple tests and in protocols for their application;

• to strengthen the monitoring network in Vietnam to ensure ongoing monitoring of mycotoxin and
pesticide contamination;

• to monitor the incidence and quantify the severity of contamination by mycotoxins and pesticides in
both Vietnam and Australia; and

• to review methods to limit production of mycotoxins and to reduce sources of pesticide contamination
through traceback and other appropriate method

 

s.

 

This paper will illustrate these different aspects of the project and its role in quality assurance for
agricultural produce.

* University of Sydney, Department of Agricultural 
Chemistry and Soil Science, Sydney, New South Wales 
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† Commonwealth Scientific and Industrial Research 
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Background

 

C

 

ONTAMINATION

 

 of agricultural produce with myco-
toxins and pesticides affects the economical and trade
values of the produce, and also presents serious human
health and environmental problems. These problems
are becoming more critical for developing countries
such as Vietnam, where the tropical climate favours
the growth of fungi with mycotoxins and invasion by
insects requiring the use of insecticides. Mycotoxins
are toxic fungal metabolites that occur naturally when
crop produce is infested with moulds. Contamination
is more common when the harvest is stored in an inad-
equate drying facility, however it can occur during
crop production, processing and transport. It is
estimated that 25% of the world’s food crops are
affected by mycotoxins each year (Mannon and
Johnson 1985). Mycotoxins can directly affect the
health of both humans and livestock and are potential
carcinogens. Human mycotoxicosis caused by intake
of a high dose of mycotoxin-contaminated food in
developing countries has been documented. However,
little or no convincing scientific data relating human
diseases to dietary intake of mycotoxins at low levels
are available.

In Vietnam, many of the higher-yielding maize and
rice cultivars are harvested during the wet season,
increasing the risk of fungal/mycotoxin contami-
nation. The problem of contamination of produce has
significantly increased as food production has
increased in regions such as the Mekong Delta, out-
stripping available food storage facilities. Maize is a
major export product and also represents a major feed
source for domestic livestock production. Contami-
nated maize presents a major problem with pigs and, to
a lesser extent, poultry—together forming a major part
of the meat component of the Vietnamese diet. These
species cannot detoxify aflatoxins, which may then be
passed to humans. Also, coffee, another major export
commodity grown in the highlands of central Vietnam,
is a candidate for ochratoxin contamination. A major
concern is that less is known about toxins other than
aflatoxins, or feedstuffs other than maize, rice or
peanuts. As well, current aflatoxin-monitoring
methods are neither sufficiently quantitative, nor
suitable for use in poorly equipped field-testing facil-
ities. Additionally, imported enzyme-linked immuno-
sorbent assay (ELISA) test kits are too expensive.

Studies show that 40% of crop and fibre production
can be lost through ineffective pest (insect, disease and
weed) management (O’Brien 1992). As far as seeking
more economical agricultural production, the benefits

of agrochemicals for effective control of pests during
the crop production and postharvest outweigh the
problems caused by agrochemicals, when properly
used. Unlike mycotoxins which occur naturally,
pesticide contamination occurs either by direct appli-
cation to food commodities or by environmental
transport such as drift, volatilisation, or in run-off. Pes-
ticides may also be very toxic to humans when
misused at concentrations higher than recommended,
but are more likely to affect the commercial value of
produce or have impacts on the environment.

In recent years, there has been a number of life-
threatening cases of pesticide contamination in food in
Vietnam (Nguyen et al. 1998). Acute pesticide
poisoning in developing countries is often attributed to
either misuse or abuse of pesticides by uneducated
farmers using low-quality pesticides. Contamination
can be reduced or prevented by correct practices, both
while farming and postharvest. Thus, direct education
of farmers seems to be urgently needed. Also,
stringent regulations enforced by national regulatory
authorities require attention. For these to be suc-
cessful, simple but effective monitoring technology
needs to be developed and employed. In view of all
these issues, a collaborative research project, PHT/
1996/004, has been funded by the Australian Centre
for International Agricultural Research (ACIAR).
This project sets the objectives to develop simple
ELISA tests for problem pesticides and mycotoxins,
and to monitor mycotoxins and pesticides in grain and
food production systems for risk management in
Vietnam and Australia.

 

Baseline Survey

 

A baseline survey will be conducted in Vietnam
during the course of this project, intending to study the
occurrence of mycotoxins and the level of contami-
nation in food and feedstuffs by mycotoxins and pes-
ticides. The primary objective of this study in Vietnam
is to select the contaminants associated with the pro-
duction of these products presenting the greatest risks,
for which monitoring technology (ELISAs) will be
required. This baseline study will be divided into two
parts. The first part, which will be conducted at the
beginning of the project, will target aflatoxins, ochra-
toxin, cyclodiene insecticides (endosulfan dieldrin,
aldrin and heptachlor) and dichlorodiphenyltrichlo-
roethane (DDT). A range of crops, including maize,
rice, wheat and soybean, will be monitored for
aflatoxin using commercial ELISA kits. For ochra-
toxin, coffee will be the target commodity. For pesti-
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cides, leafy vegetables, coffee and tea will be tested
using in-house ELISA kits (Lee et al. 1995; Beasley et
al. 1998). The second part of baseline study will be
conducted during the project as the need and resources
(e.g. ELISA kits for alternaria toxins) become
available. This study will aim to monitor the occur-
rence of fumonisins and alternaria toxins in grain, and
carbofuran in leafy vegetables.

 

Immunochemical Methods for 
Residue Monitoring

 

ELISA offers added advantages over the conventional
analytical methods when used for pre-screening for
contamination. Samples identified positive by ELISA
would undergo more quantitative analysis using
instruments. Together with the instrumental methods,
ELISA can form a powerful and valuable analytical
tool to reduce an overall cost of a monitoring program
(Lee et al. 1997). Additionally, ELISA can provide a
high sample throughput for a more thorough moni-
toring at a significantly reduced cost when compared
with instrumental analyses. Increasingly more moni-
toring programs in developed countries utilise ELISA
as an analytical/screening tool simply because of the
reasons mentioned above.

At present, the commercial ELISA kits are out of
reach of developing countries because of their cost.
Even in Australia, where research funds are not so
limited, commercial ELISA kits are not easily
affordable. For Vietnam, this project provides a means
of escaping this financial trap by allowing the local
development (using published and new methods) of
test kits to be costed according to Vietnamese
economic factors of infrastructure and salaries. The
project will establish local Vietnamese expertise in
these methods, potentially enabling them to continue
to manufacture kits for local or regional use after the
project is completed. Thus, two critical objectives of
this project, as indicated below, have been set out to
meet these requirements:

•

 

t

 

o develop immunochemical methods for the target
mycotoxins and pesticides for detection of
contamination in grain, vegetables, dried fruits and
peanuts; and

• to train Vietnamese project scientists, both in the
methodology for the development of immunoassays
and related simple tests, and in protocols for their
application.

There are several stages involved in the devel-
opment of an immunoassay for any organic molecule

such as a mycotoxin or a pesticide, as shown in the
Figure 1 (Hammock et al. 1986; Stanker et al. 1988).
The development of an ELISA test requires the
synthesis of haptens (stage 1, Figure 1)—molecules
that mimic the ecotoxin in structure—that can be used
when bound to a macromolecule to raise antibodies in
animal species such as rabbits or poultry (stage 2,
Figure 1). A similar hapten is required to be linked to
an enzyme (e.g. peroxidase, phosphatase) used in the
ELISA test, acting as a competitor for the toxin itself
for a binding reaction to the specific antibodies (stage
3, Figure 1). In most tests, the more ecotoxin present in
extracts from agricultural produce or environmental
samples such as soil or water, the less hapten-linked
enzyme will bind to the antibodies and the less colour
that will develop in the subsequent enzyme reaction.
Thus, the presence of the ecotoxin in a test is nega-
tively correlated with colour development. Obtaining
a test of the correct sensitivity is currently a chal-
lenging process, mainly with respect to hapten design,
although experience shortens the time taken to
develop an appropriate kit.

Development of simple tests

Stage 1 — Hapten design and synthesis

Stage 2 — Immunisation

Stage 3 — Immunoassay development

Stage 4 — Assessment of assay performance

Stage 5 — Formatting of methods as 
prototype kits

Stage 6 — Field trials of kits and
training workshop 

 

Figure 1.

 

 A flow chart showing development of an
immunoassay.
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Monitoring Network for Risk 
Assessment

 

The importance of proper monitoring for pesticide and
mycotoxin contamination in produce for general
public welfare and for international trade cannot be
overemphasised. Risk management by monitoring
networks, in the longer term, will bring about a cost-
effective solution to the current trade problem relating
to quality assurance issues. There is already a large
scope for monitoring of both pesticide and mycotoxins
in Vietnam, as well as in Australia for risk man-
agement (Kennedy et al. 1998). Currently, monitoring
in Vietnam is conducted centrally at a small number of
locations. It is desirable from a logistical viewpoint
that such monitoring takes place in regional labora-
tories, preferably near the sites of primary production.
Already a limited monitoring network has been estab-
lished in Vietnam. This project will help extend that
network from local laboratories to provincial labora-
tories by application of the ELISA technique, so that
contamination can be detected at the earliest possible
time to avoid unnecessary costs involved in transport
of produce. This project provides technical aid for
prototype ELISA kit manufacture and protocols for
their application in Vietnam (stage 5, Figure 1).
Possible users of these ELISA kits, such as regulatory
authorities, university personnel and even farmers will
be trained in workshops conducted by both local and
collaborating partners (stage 6, Figure 1).

When ELISA development (stages 1–6, Figure 1) is
completed, implementing this technology will allow
work to commence on the following three objectives:
•

 

to s

 

trengthen the monitoring network in Vietnam to
ensure ongoing monitoring of mycotoxin and
pesticide contamination;

• to monitor the incidence and quantify the severity of
contamination by mycotoxins and pesticides in both
Vietnam and Australia; and

• to examine methods to limit production of
mycotoxins and reduce sources of pesticide
contamination through traceback and other
appropriate methods.

 

Conclusion

 

The main goal of the ACIAR project, PHT/1996/004,
can be simply summed up as risk management of pes-
ticides and mycotoxins using ELISA technology. This
project can be considered as having three phases. The
first phase involves a baseline survey of suspected pes-
ticides and mycotoxins, during which time the

suspected problem contaminants will be confirmed.
The second phase involves the development of immu-
nochemical methods for the target mycotoxins and
pesticides for detection of contamination in grain, veg-
etables, dried fruits and peanuts. This phase also
involves the training of the Vietnamese collaborators
in the methodology for the development of immu-
noassays and related simple tests and in protocols for
their application. A number of prototype ELISA kits
will be developed and tested for their performance.
Workshops will be conducted to train local farmers
and potential users in the use of ELISA kits for moni-
toring of contaminants. The final phase of the project
involves strengthening the existing monitoring
network in Vietnam to ensure ongoing monitoring of
mycotoxin and pesticide contamination. The expected
outcomes of this project are thus:

•

 

Hi

 

gher quality produce for national consumption.
In addition, the knowledge that food and feedstuffs
are of high quality will act to encourage industry
and stimulate national and international interaction
in the countries involved.

• Higher quality produce for export will command
higher prices. In addition, penalties are likely to be
imposed and losses suffered where produce is
contaminated.

• Better health in humans and livestock. The
prospects for improved health of both Vietnamese
and Australians has direct economic benefits by
reducing costs for medical treatment and
infrastructure for maintaining human health and
national productivity.

• These outcomes would result in sustainable
agricultural production in Vietnam, thus enhancing
the economic benefits arising from improved trade
between Australia and Vietnam.
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Use of the Flat-bed Dryer SHG-4 for Coffee Drying

 

Nguyen Hung Tam and Phan Hieu Hien*

 

Abstract

 

Coffee growing has increased in recent years in the Dak-Lak and Lam-Dong Provinces of Vietnam’s Central
Highland. Difficulties in drying are encountered during the annual coffee harvest from October to December
because of the high rainfall conditions. Such weather causes a delay in natural sun-drying which results in
blackening of the beans and a reduction in quality. Improper mechanical drying as currently practiced by most
farmers—such as overheating or prolonged piling—also turns the beans black or brown. The value of losses
due to delayed sun-drying or improper drying range from 12 to 50%.

Since 1996, the SHG dryer—originally designed for paddy at the University of Agriculture and Forestry, Ho
Chi Minh City—has been modified and adapted to dry coffee beans. From test results, a batch of 4 t of beans
at a depth of 0.3 m, at 65–70°C drying temperature could be dried down to 20–18% moisture content (MC) in
12 h with wet-husked coffee, or 16 h with whole beans. At 18% MC, after final husking and cleaning, coffee
is further dried at a temperature not exceeding 50°C down to 13% MC. This assures moisture uniformity and
meets quality criteria for storage and export.

Data for calculating drying cost: 1.2 L of diesel per hour, 50 kg/h woodwaste or maizecob, 5 persons for
operating, loading/unloading, and mixing twice. The investment for the equipment, including the shed, is 32
million VND (~US$2,300). The drying cost for 1 kg of dried beans is 426VND (~US$30/t) or about 3.5% of
the coffee value. Six SHG dryers, which were sold to farmers and used in the past three years, proved their
technical and economic performance in keeping the coffee quality for the export market.

 

C

 

OFFEE

 

 

 

IS

 

 a popular beverage in Vietnam and else-
where. Coffee drying is an important step in the
processing technology. In recent years, coffee pro-
duction has increased greatly in the provinces of Dak-
Lak and Lam-Dong in Vietnam. Difficulties in drying
are encountered during the annual coffee harvest from
October to December because of high rainfall condi-
tions. Presently, either natural sun-drying or
mechanical drying is practiced.

Sun-drying does not require any investment for
equipment, only a large yard—either cemented or on
earth with trays. Sun-drying needs labour for mixing,
and the drying time depends primarily on the weather.
This is unpredictable and risky. With bad weather and
prolonged drying, coffee beans turn black, become
infested with moulds, and deteriorate in quality.

Drying with some high-capacity, high-investment
dryers like the fluidised-bed dryer, the tower dryer, the
rotary dryer etc. is not suitable for small-scale pro-

duction of 2.5 ha (over 80% of coffee growing
involves farm households). Drying with home-made,
flat-bed dryers which do not meet technical require-
ments usually leads to overheated beans and reduced
quality.

It is estimated that losses caused by delayed drying
are high—15–50% of beans are blackened due to
prolonged piling, or turn brown due to overheated
drying.

From 1996, the Faculty of Agricultural Engineering
of the University of Agriculture and Forestry (UAF),
Ho Chi Minh City, began studies on the application of
the SHG-4 dryer for drying coffee. This shows much
promise as it fits the small and medium scales of
production.

The objectives were:

• to check the design specifications of the SHG-4
dryer for drying coffee;

• to determine the resistance to airflow; and

• to determine the moisture reduction curve and the
drying process.

* University of Agriculture and Forestry, Ho Chi Minh City, 
Vietnam.
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Following are descriptions of the study and some
research results.

 

Materials and Methods

 

Experiments were conducted at two places.

• Drying tests of whole coffee and pulped coffee were
conducted in the Dak-Min District of Dak-Lak
Province in the Central Highlands of Vietnam.

• Tests on airflow resistance of coffee beans were
conducted at UAF, Ho Chi Minh City.

 

SHG-4 dryer

 

The SHG-4 dryer tested at Dak-Min was a flat-bed
dryer originally designed at UAF for paddy and maize.
The dryer used for coffee had the following
specifications:

• rectangular drying bin, with a floor area of 24 m

 

2

 

(3 m 

 

×

 

 8m) (Figure 1);

• axial-flow fan, 750 mm diameter, 1,650–1,750 rpm,
7.5 kW motor. The fan had been checked and tested
according to Japanese Standards JIS-8003.B; and

• inverted-draft furnace (Figure 2) using woodwaste,
maizecob, coffee husk etc. as fuel, with a
consumption of 50 kg/h. The drying temperature of
50–70°C, read with a thermometer, could be
adjusted.

 

Laboratory dryer

 

The laboratory dryer was constructed according to
the published design of Sutherland and Macmillan
(1992) and consisted of three components:

• centrifugal fan, 1 kW, provided the drying air—the
airflow could be adjusted by the distribution louvre;

• drying bin was a galvanised cylinder with a
diameter of 320 mm and a height of 500 mm; and

• electric resistors provided heat.

 

Measuring equipment

 

• For determining the moisture content of the coffee,
the oven method with electronic balance and 0.01 g
accuracy was used.

• The airflow resistance and the superficial velocity
were measured with a digital manometer
(1–1,000 Pa) and a floating disk airflow meter
(8–14 m/min), respectively.

 

Results and Discussion

 

The following results were obtained from experiments
with coffee planted in the Dak-Min District of Dak-
Lak Province.

 

Airflow resistance of coffee beans

 

The airflow resistance of pulped coffee beans of
thickness layers of 10, 20, 30, 40 and 50 cm, and with
different superficial velocity from 8–14 m/min is
shown in Figure 3. Results show that the resistance is
rather small, in the range of 20–100 Pa.

 

Moisture reduction

 

Since 1996, six dryers have been installed for coffee
drying. Depending on the process, either whole coffee
or dry-pulped coffee was dried at 60–70°C, in order to
reduce the moisture content (MC) from fresh to
18–20%. Next, coffee was further dried down to
12–13% so that the MC was uniform for storage or
export. Whole coffee could be dry-pulped and cleaned
before re-drying in order to reduce the drying time; the
required temperature at this stage was below 50°C.
The fan of the SHG-4 dryer provided sufficient airflow
that only two mixings were required.

Data from drying batches of pulped coffee and whole
coffee are graphed in Figures 4 and 5, respectively.

 

Drying cost

 

Data (US$1 

 

R

 

 VND 13,800):

• Dryer price, including engine VND 24,000,000

• Total investment (including 
shed)

VND 32,000,000

• Engine price VND 5,000,000

• Diesel fuel consumption for 
fan

1.2 L/h

• Fuel for furnace (woodwaste)

 

R

 

 50 kg/h.

• Labour (operation, mixing, 
loading/unloading)

5 persons

• Days of use per year 40 days

• Drying capacity per batch 900 kg (dried coffee)

• Drying quantity per year 130 t

• Operator’s wage VND 35,000/day

• Diesel price VND 3,600/L

• Woodwaste price VND 200/kg
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Figure 1

 

. Schematic diagram of the SHG-4 dryer (A) and photograph of coffee drying in the
dryer (B).

(A)

(B)
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Fan
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Figure 2.

 

Schematic diagram (A) and photograph (B) of the inverted-draft
furnace.

(B)

(A)
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Figure 3.

 

 Airflow resistance to pulped coffee beans with increasing thickness of the coffee layer.

 

Figure 4.

 

 Drying curves of pulped coffee at three points in the drying bin; 1 December 1998, 70°C.

 

Figure 5.

 

 Drying curves of whole coffee at three points in the drying bin; 2 December 1998, 80°C.
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The calculated drying cost is VND 426/kg of dried
coffee (

 

R

 

 US$30/t). The cost components are: labour,
19%; fuel, 30%; diesel, 13%; depreciation and repairs,
30%; and interest and land rent, 8%. This drying cost
is about 3.5% of the coffee value.

 

Conclusion

 

The tests and use of the SHG-4 dryer with inverted-
draft furnace for drying both whole and pulped coffee
show good results: high quality, low investment, and
low drying cost. These results demonstrate the possi-

bility of promoting this type of dryer under the present
conditions of small and medium production.
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The Study of Aflatoxin-producing Strains, 
Fumonisin-producing Strains, and Non-producing 

Strains and their Application in Mycotoxin 
Prevention in Agricultural Products

 

Nguyen Thuy Chau, Nguyen Thi Huong Tra, Nguyen Thi Hong Ha*

 

Abstract

 

The aflatoxin-producing ability of 17 strains of 

 

Aspergillus flavus

 

 and 

 

A. parasiticus

 

 isolated from maize
sampled in some provinces in northern Vietnam was studied. 8 of the 17 strains produced aflatoxin. Inoculation
using a mixture of a strain of 

 

A. flavus

 

 producing 331 parts per billion (ppb) aflatoxin with each of 8 strains of
non-aflatoxin producing 

 

A. flavus

 

 showed a reduction in aflatoxin production which varied between strains.
Non-producing strain VN

 

2

 

 gave the best results, reducing the aflatoxin yield in the inoculation mixture by
98.5%. Use of the VN

 

2

 

 strain reduced aflatoxin contamination in maize from 3,000 ppb before treatment to 253
ppb after treatment.

The fumonisin-producing ability of 

 

Fusarium

 

 species isolated from maize sampled in northern Vietnam was
also studied. 6 of strains produced fumonisin B

 

1

 

 (FB

 

1

 

) and fumonisin B

 

2

 

 (FB

 

2

 

), namely, 

 

F. moniliforme

 

-strain
1, 

 

F. moniliforme

 

-strain 2, 

 

F. fusarioides

 

-strain 1, 

 

F. fusarioides

 

-strain 2, 

 

F. oxysporum

 

, and 

 

F. proliferatum

 

.
The yield of FB

 

1

 

 was highest in the strain of 

 

F. proliferatum

 

 (5,800,000 ppb). Inoculation using a mixture of
non-fumonisin producing strain F. moniliforme var. subglutinans with the strain of F. proliferatum producing
5,800,000 ppb reduced the fumonisin yield considerably—the yield of FB

 

1

 

 and FB

 

2

 

 in the inoculation mixture
was 13,700 ppb and 800 ppb, respectively.

These results indicate that the non-producing fungi we isolated are potential candidates for application to
prevent aflatoxin and fumonisin contamination in agricultural products in both the preharvest and postharvest
stages. Experiments to clarify the mechanism of the reduction of aflatoxin and fumonisin yields of toxin-
producing strains as well as contaminated maize samples by non-producing strains will be carried out in the
future.

* Post-Harvest Technology Institute, 4 Ngo Quyen, Hanoi, 
Vietnam.
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Research on the Down-draft Rice Husk Furnace

 

Nguyen Van Xuan and Phan Hieu Hien*

 

Abstract

 

Rice husk has been widely used as a heat source for dryer furnaces in the Mekong Delta of Vietnam. It has taken
advantage of using local by-product bulk as well as principally reducing the cost of dried products. The concern
is to optimise the effective usage of this biomass material as the energy demand increases gradually, along with
requirements on environment protection.

Due to its highly volatile nature, rice husk burning by the traditional methods is smoky. This reduces the dried
product’s quality, pollutes the environment and lowers the efficiency.

Rice husk gasification, although attractive, requires high investment, leading to high drying costs.
Additionally, the design of a low-cost, continuous rice husk gasification system is still a challenge to
researchers worldwide.

Burning rice husk directly and completely is considered more appropriate. Thus, a down-draft rice husk
furnace for use with the low-cost SRR-1 dryer has been designed and built at the University of Agriculture and
Forestry Ho Chi Minh City. It consists of a cylindrical container with a concentric inner grate and combustion
chamber. The key feature of this furnace is that the pyrolysis gases have to pass through the char combustion
area, and reach the high temperatures needed for good combustion. In addition, heat of the char combustion is
transferred by radiation to sustain a high temperature inside the gas combustion area, which results in an almost
complete combustion of the volatile matter.

Experimental results showed that the average rice husk consumption rate was about 2.6 kg/h, and the gas–air
mixture was clean and stable. The CO content in flue gases is 0.3–0.7% which was lower than the permissible
limits of the permitted limitations in environmental standards of Vietnam and other countries. The good
combustion efficiency of 90% and furnace efficiency of 80–82% was obtained.

 

R

 

ICE

 

 

 

HUSK

 

 has been widely used as a heat source for
dryer furnaces in the Mekong Delta of Vietnam. It has
taken advantage of using local by-product bulk as well
as principally reduced the cost of dried products. The
concern is to optimise the effective usage of this
biomass material as energy demands increase and
environmental protection becomes an increasing
concern.

Due to its high volatile matter, rice husk burning by
the traditional methods is smoky. This reduces the
dried product’s quality, pollutes the environment and
lowers the efficiency.

Rice husk gasification, although attractive, requires
high investment, leading to high drying costs. Addi-

tionally, the design of a low-cost, continuous rice husk
gasification system is still a challenge to researchers
worldwide.

Burning rice husk directly and completely is con-
sidered more appropriate. Thus, a study on a down-draft
rice husk furnace for use with the low-cost SRR-1 dryer
has been carried out. The furnace was designed and
built at the University of Agriculture and Forestry, Ho
Chi Minh City.

 

Objective of the Study

 

To develop a rice husk furnace which is smokeless and
highly efficient so that the flue gases can be used
directly as drying air without the need for a heat
exchanger.

* University of Agriculture and Forestry, Thu Doc, 
Ho Chi Minh City, Vietnam.

Quality assurance in agricultural produce,
edited by G.I. Johnson, Le Van To, Nguyen Duy Duc and M.C. Webb.

ACIAR Proceedings 100
(printed version published in 2000)



 

509

 

Construction of the Furnace

 

The following design criteria were set out:
• clean flue gases;
• high thermal efficiency;
• stable drying temperature;
• simple construction, fabricated with basic

workshop tools, using standard materials; and
• cost-competitive to other available heating systems

for dryers.
The furnace construction is shown in Figure 1 and 2.

The four-wall column contains rice husk. The perfo-
rated central tube collects and burns volatile gases
which exit to the dryer fan. The grate separates the ash
from the burning rice husk The primary air is supplied
from the top. Ash removal and fuel feeding are done
manually.

 

Experimental Set-up

 

A 2-hour test was carried out to measure the following
variables with their respective instruments: 

• drying air temperature and combustion zone
temperature, with the data logger;

• CO content in flue gases, with the Baccharah gas
analyser; and

• average rice husk consumption rate.
The combustion efficiency and the drying air effi-
ciency were computed as in a previous paper (Nguyen
Van Xuan et al. 1995).

 

Results (Preliminary)

 

• The drying air temperature rise could be maintained
at 9–12°C above ambient, the gas-air mixture was
clean and stable. The temperature in different zones
of the furnace are shown in Figure 3.

• The CO content in flue gases is low, 0.3–0.7%,
which is indicative of the high combustion
efficiency of furnace (see Figure 4). 

• Average rice husk consumption rate = 2.6 kg/h.
• Combustion efficiency = 90%.
• Drying air efficiency = 80–82%.
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 d
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Figure 1. Schematic diagram of the down-draft rice
husk furnace. Figure 2. Photograph of the down-draft rice husk

furnace.
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Conclusion

 

The down-draft rice husk furnace showed promising
results as to combustion and drying air efficiency. The
flue gases are clean, and it can thus be fitted as a direct
heat source to the dryer. The rice husk consumption
rate fits with the popular low-cost dryer SRR-1 in
Vietnam. Further tests are planned to optimise the
operation of the furnace.

 

Reference

 

Nguyen Van Xuan, Truong Vinh, Pham Tuan Anh and Phan
Hieu Hien 1995. Development of rice husk furnaces for
grain drying. In: Champ, B.R., Highley, E. and Johnson,
G.I., ed., Grain drying in Asia. ACIAR Proceedings No.
71. Canberra, Australian Centre for International
Agricultural Research, 336–341.
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Figure 4. Variation in flue gas contents during testing of the furnace.
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Techniques for Grain Dryer Performance 
Assessment and Effects of Drying on Maize Grain 

Quality

 

L.U. Opara*, P. Meas† and A. Hardacre§

 

Abstract

 

Removal of excessive moisture after harvest is important for prolonging the storage life and maintaining the
quality of grains. In many developing countries, mechanical drying is often applied where sun-drying alone
cannot cope with large crop volumes and/or inclement weather. Mechanical dryers must be designed and
operated such that the adverse effects of drying on product quality are minimal. The objectives of this paper
are to review the techniques for assessing the performance of grain dryers, and to discuss the effects of drying
conditions on grain quality attributes of ‘hard’ (‘Clint’) and ‘soft’ (‘Raissa’) maize hybrids.

 

I

 

NCREASING

 

 

 

GLOBAL

 

 emphasis on grain quality and
energy conservation has created a need to develop
drying systems that will deliver a better quality
product with lower energy consumption for drying
(Gustafson et al. 1978). In the design and utilisation of
grain dryers it is important to understand the effects of
drying parameters—such as drying air temperature,
drying time, airflow rate, tempering time and temper-
ature—on the quality of the dried grain (Abe et al.
1992).

Postharvest grain losses due to delayed or improper
drying or lack of drying facilities are still high, espe-
cially when harvesting coincides with a rainy season,
and particularly in developing countries. However,
where mechanical drying is possible, the operation
must not be considered as merely the removal of
moisture, since many grain quality attributes can be
adversely affected by incorrect selection of drying
conditions and equipment (Trim and Robinson 1994).
Performance evaluation of existing or new dryers is

therefore critical to facilitate the selection of drying
parameters to ensure optimum grain quality.

Poor or defective drying facilities or incorrect
drying procedures may result in very fast drying rates,
incomplete drying, and uneven moisture re-absorption
within the grain mass. Improper drying can result in
high costs, low efficiencies, high milling losses, poor
quality of the grain or reduced germination capacity of
the dried seeds (ESCAP 1995).

Evaluation of the performance of grain dryers and
understanding the effects of drying on grain properties
are, therefore, very important to satisfy the needs of
grain producers, grain traders, grain processors and
grain users. The objectives of this paper are: (1) to
review the criteria for assessing the overall per-
formance of grain dryers, and (2) to examine the
effects of drying conditions on quality attributes of
‘hard’ (‘Clint’) and ‘soft’ (‘Raissa’) maize hybrids.

 

Criteria for Evaluating Grain 
Dryers—a Review

 

Both new and existing dryers must be designed and
operated to satisfy the often conflicting demands to
reduce operational costs (such as energy and labour) as
well as to minimise adverse effects on product quality
(such as breakage and hardness). To meet these
requirements, two broad criteria, namely, operational

* Centre for Postharvest and Refrigeration Research, 
Institute of Technology and Engineering, Massey 
University, Palmerston North, New Zealand.

† Cambodia–International Rice Research Institute 
(IRRI)–Australia Project Office, Department of 
Agricultural Engineering, Phnom Penh, Cambodia.

§ Crop and Food Research Ltd, Palmerston North, New 
Zealand.
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performance and economic performance, can be iden-
tified for evaluating grain dryer performance, in
addition to the effects of drying on dried grain quality.
These will be briefly reviewed in the following
sections.

 

Operational performance

 

Several factors contribute to the operational per-
formance of a dryer including drying efficiency,
drying capacity, energy efficiency, and labour aspects.

 

Drying efficiency

 

The drying efficiency of the drying operation is an
important factor in the assessment and selection of the
optimal dryer. There are three groups of factors
affecting drying efficiency: (i) those related to the
environment, in particular, ambient air conditions; (ii)
those specific to the crop; and (iii) those specific to the
design and operation of the dryer (Trim and Robinson
1994).

There are several different ways of expressing the
efficiency of drying. Adeyemo (1993) noted that
drying efficiency (expressed also in terms of fuel effi-
ciency and sensible heat utilisation efficiency) are
very important considerations in dryer selection.
Drying efficiency (DE) is based on how well a drying
system converts sensible heat to latent heat, which can
be expressed as:

where:
HU = heat utilised for moisture removal (kJ)
HA = heat available for moisture removal (kJ)
WWE = weight of water evaporated (kg)
LHV = latent heat of vaporisation (kJ/kg)
WF = weight of fuel utilised (kg)
HVF = heat value of fuel (kJ/kg)

 

Drying capacity

 

Arinze et al. (1996) defined the drying capacity
(DC) of a dryer as the rate at which the wet product can
be dried to specified moisture content (MC) while the
dryer is operated at specified drying conditions. DC is
one of the most important factors in the design and uti-
lisation of grain dryers. Decision making by
purchasers or operators of grain dryers would be sim-
plified if manufacturers or designers used common
criteria to describe the performance of their products
(McLean 1989), e.g. the weight of maize at 25% MC
that can be dried to 14% when the drying air temper-

ature is 58°C. If the capacity of the dryer is inadequate,
in practice it is possible that the following extreme
possibilities may be encountered: (i) harvesting will be
delayed to the extent that grain will be overripe and
shattered; (ii) its MC may rise in the field and thus
additional fuel or energy will be required to dry it
when it is eventually harvested; (iii) the grain that has
been harvested will be deteriorated when drying has to
be delayed; or (iv) the amount of grain to be dried may
be very small compared to the high capacity of dryers. 

 

Specific total energy consumption

 

ESCAP (1995) defined the specific total energy
consumption as the total energy used per kilogram of
water evaporated. The utilisation of the world’s
reserves of fossil fuel is a controversial subject which
makes it appropriate that the energy requirements of
grain drying systems are considered when new instal-
lations are planned (McLean 1989).

 

Labour requirements, ease and safety of operation

 

A well-designed grain dryer should not be very
complicated to operate nor require many workers or
operators. It is also necessary for the design and
operation of grain dryer to be carried out safely by
those who operate it, or have reason to visit grain
drying facilities (McLean 1989). ESCAP (1995) listed
the ease of use and safety features and hazards, related
to the operational performance of grain dryers,
including the following:
• fire and electrical hazards;
• unguarded power transmission shafts, belts, pulleys

etc.;
• noise level;
• unusual vibration;
• dust emission control;
• ease or difficulty of loading and unloading grain;
• ease or difficulty of making adjustments;
• ease or difficulty of cleaning and repairing parts;

and
• other significant operational, safety and hazardous

features of the dryer.

 

Economic performance

 

It is beneficial to design and operate mechanical
dryers to minimise their capital and drying costs. The
widespread introduction and adoption of grain dryers
will be inevitable in the near future in many devel-
oping countries. However, to be successful, the dryers
will have to be economical in terms of capital and
running (or drying) costs (Ofoche et al. 1991). To
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achieve this goal, dryers should be designed taking
into full consideration the costs, local environmental
conditions, and technical skill and construction
material available.

Variations in the capital cost of grain dryers and
their specific energy consumption do exist. In addi-
tions, most grain dryers are utilised only a few weeks
per year. It may be necessary to compare the relative
merits of purchasing an expensive dryer with low fuel
or energy consumption with a less expensive one
(McLean 1989). In India, for instance, an important
reason for not using dryers is their high initial cost.
Most of the commercially available dryers are
designed to suit the needs of the processing industry
and their output capacity is therefore far above the
needs of individual farmers, or even of farmer groups
(Shukla and Patil 1988).

The major components and sources of grain dryer
expenditure include fan(s), motor(s) and air heating
system (Hall 1980). The cost of fuel and/or power for
drying grain is greatly dependent on weather condi-
tions. The cost of drying grain with unheated or heated
forced air varies greatly with atmospheric temper-
ature, humidity, and grain MC. Overall, the economic
performance of a new or existing drying system is an
important factor affecting the adoption and continued
use by farmers (Rodriguez 1999).

 

Effects of postharvest drying on grain 
quality attributes

 

The drying process has been known to affect the
quality of the dried grain, resulting in cracking,
increase in breakage susceptibility, and opportunistic
microbial infection. Damage to grain may be caused
by either drying it too slowly or too rapidly. If grain is
dried too slowly and for too long a period, undesirable
deterioration occurs, such as mould growth. Other
damage occurs when grain is dried too rapidly.
Reducing grain damage and maintaining post-drying
quality is therefore important in evaluating the per-
formance of a drying system.

Previous studies have shown that maize grain dried
from a higher initial MC cracked and broke more
easily than that dried from a lower initial MC (Weller
et al. 1990). Ross and White (1972) concluded that the
MC prior to drying affected stress crack formation in
dried maize. Higher grain initial MC increased the
incidence of cracking in dried grain.

Fast drying—high drying rate and capacity—is
normally obtained using air of high temperature and
flow rate. Rapid drying, however, makes the grain

more brittle and more subject to damage when
handled. Extremely rapid drying results in grain of
reduced bulk density with kernels that are enlarged or
puffed. If grain is dried at high temperatures, discolor-
ation and other kinds of heat damage may occur
(Foster 1973).

Thompson and Foster (1963) found that internal
damage was frequently the consequence of a high-
temperature drying process and as the number of stress
cracks in the maize grain increased the susceptibility
to breakage increased. When handled and transported,
kernels with stress cracks broke more readily than
sound kernels, leading to considerable amounts of
broken grain and fine material. The authors also
reported that shelled maize dried with heated air at
60–115°C was two to three times more susceptible to
breakage than the same maize dried with unheated air.

Peplinski et al. (1994) reported that as the air-drying
temperature increased from 25 to 100°C, maize kernel
test weight and germination decreased, kernel
breakage susceptibility and percentage of floating
kernels increased, and 100-kernel weight and stress-
cracked kernels were unchanged. Brooker et al. (1992)
reported that the feed efficiency (average daily gain,
daily maize intake and feed/gain ratio of rats), and thus
the nutritive value of the maize, were adversely
affected when the grain was dried at 50°C.

For each of the three maize hybrids (‘hard’, ‘inter-
mediate’ and ‘soft’), Kirleis and Stroshine (1990)
found that Stenvert hardness values remained rela-
tively constant when grain was dried at temperatures
from 27–60°C. The hardness declined only slightly,
but not significantly, at the higher drying tempera-
tures. At drying temperatures of 60–93°C, bulk
density was significantly different among the three
tested hybrids and decreased in the following order:
hard > intermediate > soft. The authors concluded that
Stein breakage susceptibility was primarily influenced
by hardness. Stein breakage was greatest for the soft
hybrid and least for the hard hybrid.

 

Summary of the literature

 

Grains are important direct sources of food for
humans and feed for livestock. As they are produced
on a seasonal basis, it is essential to store the grains for
late consumption for periods varying from one month
up to more than a year. Grains are often harvested at
MCs that are too high for safe storage. Drying is the
most practised grain preservation method that enables
grains to attain a MC sufficiently low to ensure good
quality grain that is free of fungi and microorganisms
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and that has desirable quality characteristics for
marketing and final use. It is generally agreed that
improper drying is the major cause of high drying
costs, low efficiencies, and poor grain quality. Poor or
defective drying facilities or incorrect drying proce-
dures may result in a very fast drying rate, incomplete
drying and uneven moisture re-absorption within the
grain mass.

Very slow drying of high MC grain (as in sun or crib
drying in inclement weather or in a deep bed dryer
with unheated air) provides conditions for: mould
growth; rapid loss of vigour and eventually germi-
nation loss; deterioration due to sprouting, weathering
and respiration heating; and discoloration. These con-
ditions result in both quantitative and qualitative
postharvest losses. Very fast drying accomplished
using large volumes of high temperature air, however,
is likely to be inefficient in energy use and liable to
damage the grain by over-heating and/or over-drying.
Fast drying can cause cracking and splitting (including
internal cracking), case hardening, discoloration, and
loss of germination and vigour.

The design and operation of mechanical dryers
which are cost-effective and efficient, and which have
minimum detrimental impact on grain quality is a
major, continuing challenge for the cereal industry.
Mechanical dryers are important for commercial
drying of grains and as aids for evaluating new
cultivars and postharvest research. Performance eval-
uation of new and existing dryer designs facilitates the
optimisation of dryer parameters, drying conditions
and dried grain quality. 

 

Experimental Study of the Effects of 
Grain Initial MC and Drying Air 

Temperature on Quality
Attributes of ‘Hard’ and ‘Soft’

Maize Hybrids

 

Materials and methods

 

Two maize hybrids, representing hard (‘Clint’) and
soft (‘Raissa’) grains were used in the experiments to
assess the effects of drying on grain quality attributes.
Mature cobs were harvested and shelled manually.
Firstly, grains were wetted to achieve the desired
initial MC before drying. Grain at three initial MCs
(approximately 20, 25 and 30%) were dried at three
drying air temperatures (58, 80 and 110°C) in three
replications. The flow rate of the drying air was

constant for all the drying treatments (approximately
0.16 m/s). A new prototype flat-bed grain dryer was
used, and details of the dryer design and experimental
procedure have been documented by Meas (1999).

For each drying run, a 5 kg sample of one hybrid at
one initial MC was dried in one of three drying bins.
The depth of the drying sample was approximately 5
cm. A 100–150 g subsample of grain from each bin
was put into a small, metal-mesh bag and replaced
within the grain bulk. During the drying process, the
metal-mesh bags containing the grain subsamples
were taken out of the drying bins every 10 minutes and
weighed, in order to the monitor moisture reduction of
the drying samples. Drying was stopped when the
subsample weight reduced to a predetermined value,
which was related to the MC of: 16% at 110°C, 15.4%
at 80°C, and 14.6% at 58°C.

In addition to mechanical drying, grain samples of
each hybrid, at each of the three initial MCs, were
dried at room temperature (approximately 20°C) to
serve as the control—a sample of 1 kg was put onto a
perforated tray, spread in thin layer (approximately 1.5
cm) and left in the laboratory for about one week until
the MC equilibrated. After drying, grain samples were
assessed for their mechanical properties, which are
often major determinants of grain quality (Liu et al.
1999; Meas 1999).

 

Results and discussion

 

Bulk density

 

Analysis of variance of the change in bulk density
shows that grain bulk density means were significantly
affected by the interaction of the grain initial MC and
the drying air temperature. However, the density of the
two hybrids tended to decrease as the MC and drying
temperature increased (Table 1).

Maxiumum grain bulk density (approximately 78
kg/hL) of the dried ‘Clint’ maize occurred when the
grain was dried at ambient air temperature (20°C). It
decreased as the MC increased from 25 to 30% but
increased as the MC increased from 20 to 25% MC
(Table 1). Black spots observed within the grain
samples dried with this air—presumably caused by
fungal growth—caused this irregularity. At 58 and
80°C, the density decreased almost linearly as the MC
increased (Table 1). At 110°C, the density dropped
more sharply when the moisture increased from 20 to
25% than when the moisture increased from 25 to
30%.

The trend of the bulk density for the ‘Clint’ maize
was the same for the ‘Raissa’ maize dried from all the
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three MCs at all the three temperatures produced by
the dryer. When dried under ambient air conditions,
the density of the latest hybrid decreased almost
linearly with increasing MC. The lowest density
(approximately 66 kg/hL) resulted in the grain dried at
the highest temperature from the highest MC. Under
each drying condition, the ‘Clint’ bulk density was
always higher than the ‘Raissa’ bulk density. The
overall difference between the two hybrids (from
74.73 kg/hL for ‘Clint’ to 71.59 kg/hL for ‘Raissa’)
was statistically significant (Table 1).

 

Breakage susceptibility

 

Breakage susceptibility of both hybrids was also
affected by the drying temperature and the MC. As the
temperature and/or the MC increased, the dried grain
became somewhat more susceptible to breakage
(Table 2). The highest damage (above 30%) occurred
for grain dried from the highest MC (30%) at the
highest air temperature (110°C for ‘Clint’, and 80 and
110°C for ‘Raissa’).

The statistical analysis indicates that there were
interaction effects between the grain MC and the
drying air temperature on the breakage susceptibility.
The breakage was almost constantly low (approxi-
mately 1.5%) for the two hybrids dried at the ambient
temperature from all the three MCs. At the three air
temperatures produced by the dryer (58, 80 and 110°C
), the breakage increased as the MC increased. When
the MC increased from 20 to 25%, drying the grain at
these temperatures increased the breakage signifi-
cantly more than when the MC increased from 25 to
30% (Table 2).

For the ‘Clint’ hybrid, the 110°C and 20°C drying
temperatures significantly caused the highest and the
lowest damage, respectively. Drying at 80°C caused
about 2% more breakage than at 58°C but this dif-
ference was not statistically significant. For the
‘Raissa’ hybrid, the effects of the 80 and 110°C air
temperatures (25.58 and 27.45% breakage suscepti-
bility, respectively) were not statistically significantly
different from one another but they were significantly
the highest compared with the effects of other temper-
atures. Drying the grain at 58°C caused significantly
more breakage than drying it at the ambient air tem-
perature (20°C). The difference between the drying
effects on the two hybrids (approximately 17.61 and
18.38% breakage susceptibility for ‘Clint’ and
‘Raissa’, respectively) was not statistically significant
(Table 2).

 

Stenvert hardness

 

Stenvert results, shown in Tables 3 and 4, do not
show clear effects of the MC of the grain and/or tem-
perature of the air on the hardness properties of the two
hybrids. For the ‘Raissa’ hybrid, the effects on the
Stenvert energy consumption were not significantly
different. The mean of the resistance time was,
however, significantly lower when it was dried from
30% MC than when it was dried from the other two,
lower MCs. The resistance time was not significantly
affected by the three drying air temperatures produced
by the dryer. 

For the ‘Clint’ hybrid, the Stenvert energy con-
sumption and resistance time indicated that drying
from 20% MC produced significantly harder grain
compared to drying from higher initial MCs. These
two attributes were significantly highest when grain
initial MC was 20%. Results of the samples dried by
the dryer show that the dried grain was somehow
harder when it was dried at lower air temperatures. The
energy consumption and resistance time were signifi-
cantly higher for the grain dried at 58°C and 110°C.
The energy consumption for the grain dried at 80°C
was also significantly different from the grain dried at
110°C, but not significantly different from the grain
dried at 58°C. Whereas, the resistance time for the
grain dried at 80°C was not significantly different
from the grain dried at 110°C  or at 58°C . Interaction
effects indicated by the statistical analysis confirmed
these inconsistencies. However, the overall results
indicate that the dried ‘Clint’ maize was significantly
harder than the dried ‘Raissa’ maize. The Stenvert
milling energy and resistance time were approxi-
mately 10 kJ and 32 s, respectively, for ‘Clint’ but they
were significantly lower (approximately 7.8 kJ and 18
s, respectively) for the ‘Raissa’ hybrid (Tables 3 and
4).

 

Summary of grain properties as affected 
by drying parameters

 

The drying time for both hybrids increased signifi-
cantly with increasing initial MC of grain, but
decreased with increasing drying air temperature.
Thus, increasing the drying air temperature is a
common strategy adopted when drying grain at high
initial MC. The application of an optimum drying air
temperature and post-drying treatments are often
employed to reduce potential deleterious effects on
grain mechanical integrity (Meas 1999).
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The hard hybrid (‘Clint’) had lower, but statistically
insignificant, breakage susceptibility than the soft
hybrid (‘Raissa’). However, ‘Clint’ had significantly
higher bulk density and hardness characteristics than
‘Raissa’. The low breakage susceptibility and high
bulk density of ‘Clint’ could help explain the high
preference for ‘hard’ hybrids by maize processors. The
bulk density and the breakage susceptibility of the two
hybrids tended to decrease and increase, respectively,
as the initial MC increased, and as the drying air tem-
perature increased. These results agree with those
previously reported by Gunasekaran and Paulsen
(1985) and other researchers. Kirleis and Stroshine
(1990) had also found that for each of their tested
hybrids, Stenvert hardness test values remained rela-
tively constant for maize dried at temperatures up to
60°C and then declined only slightly, but not signifi-
cantly, at higher drying temperatures (93.3°C). The
level of the damage was very small for both hybrids
when dried at the ambient air temperature, but the
drying took a longer time and the dried samples
developed pathological problems such as mould or
fungal infection.

 

Conclusions

 

Postharvest drying is important for removing excess
grain moisture. Mechanical dryers must be designed
and operated efficiently to reduce operating costs and
minimise adverse effects on grain quality. The param-
eters and techniques used to evaluate the overall per-
formance of grain dryers have been reviewed based on
literature evidence. Experimental studies using ‘hard’
and ‘soft’ maize hybrids showed that both the initial
MC of grain and drying air temperature affected grain
quality attributes. The breakage and bulk density of the
dried grain were most adversely affected at high
drying air temperatures and high initial grain MC. The
hardness characteristics of the dried grain decreased at
higher initial MC and/or at higher drying air temper-
ature. Grains of ‘Clint’ hybrid were consistently
harder and had lower breakage susceptibility than
‘Raissa’ hybrid grains.
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Rice Milling in Cambodia

 

J.F. Rickman, Som Bunna, Poa Sinath and Meas Pyseth*

 

Abstract

 

Rice milling in Cambodia can be broadly classified as village or commercial milling. The white rice and head
rice yield from these rice mills is low and highly variable. The value of paddy milled by village mills is
significantly lower than that milled in modern commercial mills. There are opportunities to increase both the
quantity and quality of white rice recovered if farmers and millers dried, stored and milled rice at the correct
moisture level and maintained their milling equipment regularly.

 

Background

 

T

 

HE

 

 white rice and head rice yield (whole kernels) of
mills in Cambodia is low and highly variable. Rice
milling can be broadly classified as village or com-
mercial milling. Village milling is normally under-
taken on a part-time basis for village families.
Commercial milling is done in larger mills using more
modern equipment for larger urban populations or
export.

 

Village milling

 

Village households store their rice as paddy rice.
They take small quantities, normally about 20 kg, to
the mill several times a week for processing. The
village miller usually operates the mill on a part-time
basis, milling for 2–3 h/day. Depending on the
locality, payment is made through the retention of the
meal and husk by the miller or cash payment on a
white rice basis. A single mill usually services 45–60
families.

There are two types of mill used in villages. The first
is a steel huller and polisher that removes the husk and
polishes the paddy in one operation. The second type
uses rubber rollers to remove the husk, and steel
polishers to remove the bran and polish the rice. These
small mills have a relatively high power requirement
(10–15 kW) and subject the paddy to high pressure and
friction, which results in heating, low mill recovery

and high breakage of grain. The milling recovery,
which is the percentage of white rice obtained from the
paddy, is relatively low. These mills are capable of
processing 150–300 kg of paddy/h and are very well
known and accepted in villages. They are fairly cheap
to operate and easy to repair, and produce one mixed
grade of white rice, one grade of meal and the rice
husk. The by-products of milling are used in pig, fish
and poultry production.

 

Commercial milling

 

The modern commercial mills are capable of
milling 0.5–2.5 t/h. While they do some local milling,
they prefer to buy paddy and mill it for a larger urban
or export market. The modern mills in Cambodia are
common in most provinces, especially in or near large
towns or transport routes. Much of the equipment in
these mills came from China and is very old. Most new
equipment is imported from Vietnam. These mills
incorporate a rubber roller system for removing the
husk from the grain and use stone polishing wheels to
remove the bran to produce white rice. When properly
adjusted, they give the highest white and head rice
yields. Milling outputs are graded into head rice, 1 or
2 grades of cracked rice, 1 to 3 grades of meal, and the
rice husk.

We examined the cost and efficiency of milling
operations in 25 village and modern mills in 4
provinces in Cambodia. Mills were performance
tested under normal working conditions. Head rice

* Cambodia–International Rice Research Institute (IRRI)–
Australia Project, PO Box 1, Phnom Penh, Cambodia.
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samples were tested for the percentage of cracked
grain.

 

Results and Discussion

 

Milling recovery

 

The recovery of white rice from village mills is very
low. On average, only 53% of the white rice is
recovered for human consumption and 17% is left in
the bran and husk (Table 1).

In village mills, the sieves are changed every 5–15
days and rubber rollers once a month. Millers often felt
that white rice yields began to decrease after 2–3 days
of using a new sieve. Very few millers attempted to
retrieve white rice mixed in with bran and husk. As the
millers often receive the bran and husk as payment for
milling, there is little incentive for them to improve
milling efficiency. 

In modern mills, both the quantity and quality of
white rice recovered is much higher than from the
village mill. There is a potential to increase white rice
yields by 5% and head rice by 8% based on local expe-
rience and yield figures from other countries. In a well
set up and managed modern mill, it is possible to
recover 70% of white rice, and up to 48% of this could
be head rice which contained no cracked kernels.

In many mills, the rubber rollers, which are used to
remove the husk from the paddy or rough rice, are

being used well beyond their design life. Examples
were found where rollers rated at 80 t throughput were
used for more than 120 t throughput. Milling stones
were often not refaced on a regular basis. In some
instances, millers refaced the stones only once or twice
per year, irrespective of throughputs. Other millers
refaced or checked stones every 250 t of throughput.
Grain moisture is not measured before milling and
only one miller owned a moisture meter and that did
not work properly. If grain is dried and milled below
14% moisture, cracking during milling will increase.

Before testing the mill, the miller was asked to
estimate the head rice yield. In all tests, the millers
overestimated the head rice yields by at least 5%, and
in some instances by 10%.

 

Potential value

 

The value of 1 t of paddy rice presently being milled
by a village mill is worth significantly less than that
milled by a modern mill (Table 2).

 The value of 1 t of paddy milled at a village mill is
$122.25 compared to $162.75 if milled in a modern
mill. In both systems, there appears to be the potential
to increase the value by more than $20/t if an improved
maintenance program were adopted. This increase
would be achieved in village mills by decreasing the
losses of white rice in the husk, and in modern com-
mercial mills by improving the yield of head rice. 

 

Table 1

 

.  Milling yields measured in Cambodian rice mills.

Village mill Commercial mill Potential

Yearly throughput (t)

 

150–560 500–5 000

Capacity (t paddy/h) 0.20  (0.14–0.32)

 

a

 

1.35 (0.56–2.45)

Fuel consumption (L/t) 6 9

Head rice, no cracks (%) 40 (30–48) 48

Large cracks (%) 22 (1–35) 19

Fine cracks (%) 3 (1–5) 3

Total white rice (%) 53 (50–55) 65 70

Bran/meal (%) 16 (15–23) 11 (8–14) 8

Husk (%) 31 (23–36) 24 (21–27) 22

 

a

 

 Figures in brackets are the ranges.
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Conclusions

 

The quantity and value of white rice recovered in the
milling process in Cambodia could be significantly
increased if:
• millers measured the output from the mills and

maintained their milling equipment regularly; and
• farmers paid for milling on a cash payment basis,

rather than the village miller retaining fine cracks
and meal as payment for the service.

Table 2.

 

The value of 1 t of paddy rice processed in different mills.

Village mill Commercial mill Potential mill yield

($) ($) ($)

 

Purchase price 550 8 550

Fuel cost ($/t) 1.75 2.50

Repairs/maintenance ($/t) 1.00 1.00

Labour ($/t) 1.00 1.00

Milling charges 

As cash($/t) 5–7.5 5–7.5

As meal/husk ($/t) 10.00 6.75

Head rice 120.00 144.00

Large cracks 33.00 28.50

Fine cracks 3.00 3.00

Total white rice 112.75 156.00 175.50

Bran/meal 8.00 5.50 4.00

Husk 1.50 1.25 4.10

Total  value (1 t paddy) $122.25 $162.75 $183.60
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Strategies to Replace the Use of Methyl Bromide for 
the Fumigation of Bagged or Bulk Export 

Shipments of Rice

 

C.R. Watson*, N. Pruthi†, D. Bureau§, C. Macdonald¶ and J. Roca**

 

Abstract

 

For many years, exports of rice have been fumigated with methyl bromide either prior to loading on board the
vessel, or after loading but before sailing. This remains normal practice in most of the rice-exporting countries,
and in some situations this type of fumigation is believed to be a mandatory requirement of the exporting
country.

Methyl bromide is being phased out of production under the United Nations Montreal Protocol Agreement
as it has been identified as depleting the ozone layer. Although it may be some years before production
completely ceases, the reduction in availability will inevitably lead to an increase in cost. In addition, buyers
of rice are likely to give preference to rice that has not been fumigated with methyl bromide. Therefore, there
is an urgent requirement to introduce alternative, cost-effective measures.

This paper sets out the specific methodology that has been developed to meet this requirement by a group of
organisations based in different parts of the world. It describes the development work, tests, and resulting
procedures that have been evolved to allow phosphine fumigation of rice in bags and bulk to be carried out in
ships economically, safely and more efficiently than fumigation with methyl bromide.

 

M

 

ETHYL

 

 

 

BROMIDE

 

 has been used for the fumigation of
rice shipments for many years. It has proved to be
effective, rapid and economical, whether used for
fumigation in ships or in warehouses before loading or
after discharge.

In 1991, methyl bromide was identified as affecting
the ozone layer. It was subsequently assessed by the
Technical Experts of the United Nations Environment
Programme (UNEP) and, following recommendations
to the Montreal Protocol Treaty on ozone-depleting
substances, it was agreed that a phase-out or ban on its
production and use would be introduced.

The phase-out schedule currently agreed on is as
follows:
• developed countries (Article 2)—25% reduction on

1 January 1999, 50% reduction on 1 January 2001,
70% reduction on 1 January 2003, and phase-out on
1 January 2005; and

• developing countries (Article 5)—20% reduction in
2005, and phase-out on 1 January 2015.
Quarantine and pre-shipment uses are currently

exempt from controls. After phase-out there will be
exemptions for ‘critical uses’ which are still to be
defined, but they are likely to be almost impractical.

The European Union Commission has agreed to a
more rigorous schedule of controls in the European
Union which are as follows: 60% reduction on 1
January 2001, 75% reduction on 1 January 2003, and
phase-out on 1 January 2005.

It is expected that the time of the Montreal Protocol
phase-out schedule for Article 5 countries will be
reduced considerably following negotiations due to
take place during the next 12 months. In addition, the

* Igrox Ltd, White Hall, Worlingworth, Woodbridge, 
Suffolk IP13 7HW, United Kingdom.

† Pest Control (M. Walshe), 503 Embassy Centre, 
Nariman Point, Bombay 400 021, India.

§ Adalia Preventative Services Ltd, 8685 Lafrenal Street, 
St Leonard, Quebec H1P 2B6, Canada.

¶ Pestmaster, PO Box 3625, Cresta, South Africa.
** Roca Defisan Sl, Partida de Vera 29, 46129 Alboraya 

(Valenci), Spain.
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exemptions for pre-shipment and quarantine received
a critical analysis from UNEP experts and the resulting
recommendations mean that the current control
measures are likely to be significantly tightened in the
future.

In addition to the restrictions that will be introduced
by the Montreal Protocol, there will also be significant
pressure from buyers, on suppliers of rice to guarantee
that their produce is supplied without methyl bromide
having been used on it. The demands of the consumers
in Article 2 countries where methyl bromide is banned
are likely to enforce this. Therefore, it is necessary to
consider alternatives to methyl bromide for the
treatment of rice.

The paper sets out to show that the fumigant gas
phosphine can be used safely, effectively and econom-
ically to replace the use of methyl bromide in many
shipment situations.

 

Estimates of Tonnages of Rice and 
Other Commodity Shipments 

Currently Fumigated with
Methyl Bromide Per Annum

 

India 2 million tonnes of rice; 1 million tonnes
of other commodities.

Thailand 4 million tonnes of rice; 1 million tonnes
of tapioca; 1 million tonnes of other com-
modities.

Vietnam 4 million tonnes of rice; 1 million tonnes
of other commodities.

Korea 2 million tonnes of imported cargoes that
are fumigated in vessels prior to dis-
charge.

Japan Large quantities of imported cargo are
believed to be fumigated in vessels prior to
discharge and immediately following dis-
charge.

Africa Imported cargoes are regularly fumigated
at ports in the south, east, west, and north,
usually in the vessel prior to discharge
because cargoes arrive with easily
detectable infestation.

Article 2 countries

Imported cargoes are regularly fumigated
in many countries, usually immediately
following discharge, due to imported
infestation.

 

What does the Receiver or End User 
of the Cargo Want?

 

The receiver does not want to receive live infestation
at any time, but especially not from imported cargoes.
This is because imported cargoes may contain species
or strains that are not present in the receiving country
(DSV 1996). For example, with resistance to
phosphine becoming more widespread in some Asian
and African countries, it is especially important that
phosphine-resistant strains not be allowed to enter
countries where resistance is not present.

In addition, in many countries the food processors
will not accept commodities that show any signs of
live infestation. In the United Kingdom, for example,
most food production companies, including flour
millers, have a zero insect tolerance policy.

 

Is it Possible to Achieve 
Fully-effective, In-transit 

Fumigation of Goods?

 

In 1994, a group of independent fumigation companies
located in different parts of the world drew up a
protocol to work together to address this issue. It was
recognised that methyl bromide and phosphine are
very different fumigants (see Figures 1 and 2). The
objectives were also set to take into account the many
variables which existed worldwide with reference to
phosphine in-transit fumigation, but the common
factors were:

1. A ship’s hold can be an excellent fumigation
chamber if it can be made gastight.

2. A lot of research has been carried out by well-
respected government laboratories throughout the
world on the movement and distribution of
fumigants and on the concentrations necessary to
eradicate a wide range of pests at different tem-
peratures (Hole et al. 1976). Most of the research
is ignored by exporters when specifying fumi-
gation.

3. In some countries, systems which provide an
excellent distribution of the fumigant are already
available (e.g. Degesch recirculation J System in
Europe, Africa and the United States: J.T.
Rogerson and P. Winspear, 1996, pers. comm.),
while in other countries (e.g. India) they are not.

4. Control of the fumigation once it leaves the load
port is largely ignored. The responsibility for the
completion of the fumigation and the ventilation
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at the discharge port is generally left to the master
of the vessel (Watson et al. 1999).

5. Safety—in some countries (e.g. Canada), the
safety recommendations and regulations set out
by the United Nations International Maritime
Organization (Anon. 1996) are strictly adhered to.
In others countries, such as Spain and India, they
are often ignored.

The objective of the group was therefore to provide
the receiver or the end user with the opportunity to
choose to specify that their cargo be treated so that all
live infestation was eradicated, with little or no
detectable residues remaining, and using methods and
procedures which ensured the safety of the vessel’s
crew and of all those involved in discharging the
vessel.

 

Development Work

 

It was decided that various methods of fumigation
were needed to address different situations and
therefore the following schedule of development work
was followed.

 

Verification of the Degesch J System

 

A request was received to arrange for a cargo of
bagged rice to be fumigated which had been loaded in
Southeast Asia and had then been fumigated with
methyl bromide before sailing for Cuba. The vessel,
which had already set sail, was redirected to Durban,
Republic of South Africa. The request for fumigation
was that the cargo must be fully guaranteed to have no
live infestation of any type of insect at any stage of the
life cycle on arrival in Havana.

It was decided to use the Degesch J System which is
normally fitted before loading (Figure 3), but because
of the way the rice had been stowed could be fitted
after loading. Pestmaster of South Africa met the
vessel in Durban and carried out the fumigation as
specified and directed by Igrox Ltd in the United
Kingdom. It was decided to use this opportunity to test
the efficacy of the Degesch J System under these most
difficult conditions.

 

Method

 

The Degesch J System was fitted to the ‘MV Asian
Progress’ as shown in Figure 4. There was sufficient
access down the side of the hold and below the tween
deck to allow the Pestmaster technicians to fit the
pipes in each hold. Gas sample lines were also fitted in

three places in each hold. Live infestation (

 

Tribolium

 

spp.) was detected throughout the cargo.
Aluminium phosphide in retrievable sachets was

placed on top of the cargo and the fans switched on.
The holds and all access points were sealed and tests
carried out for leakage. When all requirements as per
United Nations International Maritime Organization
Recommendations on the Safe Use of Pesticides in
Ships had been met, the vessel was allowed to sail on
27 February 1996 with strict instructions to ensure all
seals remained intact and the fans switched on until
arrival in Cuba.

 

Findings: Havana, Cuba, 27 March 1996

 

The inspection of the fumigation commenced on
board the vessel at approximately 10:30 am with rep-
resentatives of Cuba Plant Quarantine, Igrox Ltd and
the shipper in attendance.

The fans were switched off (No. 2 was already not
running as it stopped 10 days after the vessel left
Durban), then the access manholes to each hold were
opened in turn. The three gas sampling lines posi-
tioned in each hold were retrieved. The lines were
labelled as B (bottom), M (middle), H (near to the top).
Samples were drawn using an Agridox Phosphine
Meter. Low levels of approximately 1 parts per million
(ppm) were recorded on all lines in the first hold
checked (No. 5). Further samples were then drawn
using a Drager pump and phosphine tube 0.1/a
(meaning the lowest concentration it can reliably
measure is 0.1 ppm). This confirmed that the concen-
trations were between approximately 0.7 and 1.00
ppm. The remaining four holds were tested in a similar
way and all lines indicated concentrations between 0.6
and 1.00 ppm.

On completion of these measurements the venti-
lators were opened and the ship’s ventilation system
was switched on. Phosphine was immediately detected
by smell on the deck. The hatch covers were opened
and the polythene sheets used to seal the holds were
removed and ventilation continued. Gas concentration
checks carried out indicated it was safe to work in the
holds and initial checks were made by Cuba Plant
Quarantine inspectors in each hold to ensure all fumi-
gation ducts and fans had been located correctly,
which was confirmed. Ducts to the lower holds could
be clearly seen.

The sachets containing the aluminium phosphide
residues were collected and taken away for disposal by
Plant Quarantine.

Further gas-measuring checks with the Drager
equipment were carried out in the air-space below the
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surface, and zero or only traces of phosphine were
recorded. A Clearance Certificate was issued at
4:00 pm.

 

Observations

 

• The Plant Quarantine (PQ) inspectors were very
keen to see all aspects of the fumigation system and
obviously knew what they were talking about and
what to look for. This especially applied to Mr
Jacinto Dominguez Luis, the head of the port
inspectors, and to Mr Omar Amaro Rodriguez.
They wanted to see that the fumigation ducts
actually went to the bottom of each hold and that
they were all connected correctly, and that the holds
had been sealed effectively.

• During the detailed examination of the cargo on 28
March, widespread evidence of infestation was
found with dead insects (all 

 

Tribolium

 

 spp.) in
almost all the bags.

• Despite the fact that no ventilation was carried out
during the voyage from Durban, there was no
evidence of moisture damage.

• Samples were taken by the PQ inspectors for
incubation. No evidence of live infestation was
reported.

• Discharge commenced on 31 March and continued
for 3 weeks. All cargo remaining on the vessel was
inspected each day by the PQ inspectors.

 

Conclusions

 

• The concentrations of gas found to be present in
Havana, although low, indicate that it is very likely
that the total concentration time product (CTP) that
had been achieved during the fumigation at the
sample points had been well in excess of that needed
to effect total eradication.

• During the 29-day fumigation the gas would have
slowly leaked out, broken down, and been sorbed by
the commodity. Because of the recirculation system
being used, the low levels of gas remaining were
found to be evenly distributed, and it is likely that
any residues that remain from the phosphine gas in
the product would have been very low.

• As the system could not be fully fitted as normal in
Durban because the cargo was already loaded, did
the gas reach all parts of the cargo? Because of the
way the cargo was stowed with gaps between the
bags at regular intervals, and the way the fumigation
ducts were positioned in the lower holds, it was
concluded that the gas would almost certainly have
reached everywhere evenly. This was apparent
because despite thorough and continuous checking

of the cargo throughout the 3-week discharge,
including incubation of samples, no live insects
were found.

• Ventilation in future could commence 10 days or so
after application of fumigant. The recirculation
system, correctly fitted, will result in high CTPs in
10 days in all parts of the cargo. These CTPs will
result in the fully-efficient eradication of any
infestation, and by commencing ventilation after a
10-day fumigation period, it will be likely to
eliminate any possibility of condensation damage
which could occur under certain weather
conditions.

 

Development of a passive system

 

In India, where no powered recirculation systems
(e.g. Degesch J System) are available, a request was
received from buyers to provide a fumigation system
which had, as far as possible, similar benefits to the
recirculation system, and could ensure good distri-
bution and removal of all residues.

This led International Maritime Fumigation Organ-
isation (IMFO) members Pest Control (M. Walshe) of
Bombay, with assistance from Igrox Ltd of the United
Kingdom, to develop a system specifically for this
requirement (Figure 5). The system used was an adap-
tation of the passive system developed by Bob Davis
of the United States Department of Agriculture in the
1980s.

Two fumigations took place in western India at the
ports of Bedi and Navlakhi. Both ports are anchorage
ports. The vessels which loaded the wheat in bulk were
both bulk carriers and tween deckers.

Aluminium phosphide in pre-packed sachets in
chains of 50 and 10 was used for fumigation. Each
sachet weighed 34 g. The rate of application was
3 g phosphine/t.

100 mm diameter reinforced polyvinyl chloride
(PVC) pipes were purchased and drilled with holes of
about 5 mm. The drilling was done as evenly as
possible. Care was taken to ensure that the reinforce-
ments were not damaged. The pipes chosen were rigid
and reinforced so that they would not be crushed by
either the wheat, or when they were passed through the
manholes and laid in the lower holds. To assist
adequate dispersion and penetration of gas in the
tween decks, the perforated pipes were inserted into
the grain cargo vertically. A cotton string was run end-
to-end into the pipes laid in the lower holds. The
concept was that the sachets would be lowered in from
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the top and the string would pull the sachets into the
pipes to their full depth.

As a further experiment, 1.13 and 0.45 kg (2.5 and
1.0 pound) weights were specially made to be used to
pull the sachets deep into the pipes. Tests were run to
see how deep the weights would go. The results
showed that this was likely to work satisfactorily.

After completion of loading, when tests were
carried out to determine whether it was possible to pull
the strings laid through the pipes, this system proved
unreliable. However, the alternative plan of using the
weights was used successfully.

For treatment in the tween decks, sachet chains of
10 sachets were let down using the 0.45 kg weights
into the pipes which were laid vertically in the grain.
For the lower holds, sachet chains of 50 sachets were
lowered using the 1.13 kg weights. Also, chains were
secured by ropes so that they would be easily retrieved
on arrival at the discharge port.

Fumigation was carried out as per International
Maritime Organization procedures regarding safe
working practices. The Masters of the vessels were
given comprehensive sets of paperwork giving all
details pertaining to the type of fumigant, safety rec-
ommendations, first aid, ventilation/discharge
instructions, use of gas monitoring equipment etc.,
together with all required safety equipment and
training of the crew in its use.

The vessels sailed for Turkey where they were met
on arrival by IMFO agents. All residues were satisfac-
torily removed and tests throughout discharge showed
no evidence of any live infestation anywhere in the
cargo. The vessels used for these tests were:
• ‘MV Oscar Jupiter’, fumigated at Bedi on 9 January

1996 and discharged at Turkish Port on 24 January
1996; and

• ‘MV Andreas V’, fumigated at Navlakhi on 9
February 1996 and discharged at Turkish Port on 26
February 1996.
The conclusion reached by Pest Control (M.

Walshe) and Igrox Ltd was that this method, although
relatively labour intensive, can provide a satisfactory
option (where the journey time is at least 10 days) for
a thorough fumigation of bulk or bagged cargoes,
when it is required that residues must be removed and
where it is not possible to use a powered recirculation
system.

 

Development of the deep probe

 

The deep probing method was developed by Denis
Bureau and his team at Adalia Ltd in Canada (Figure

6). The system consists of a platform and probe pipe
with pneumatic or mechanical propulsion. There are
two types of probe pipe. The first type is made of alu-
minium, is 0.62 mm in diameter and is used for very
deep applications. It can be used to depths of 25 m or
more. The second type of probe is made of plastic and
is 100 mm in diameter and is specifically designed for
recirculation and for passive application with dust-
retaining materials. It can be used to depths of up to 20
m. Both types of probe have a patented head to
maximise performance, and the probes are driven in
using a vacuum system, or by mechanical force.

For very high volumes of over 20,000 tonnes, such
as large silos and ships, the most efficient method is
likely to involve the 100 mm probes connected to a
recirculation system. Several 100 mm probes are
inserted into the grain with the system, then they are
connected to a recirculation system with hoses. The
fumigant is placed on top of the grain.

The combined benefit of new fumigant production
technologies—the Horne generator, the united phos-
phorus/CSIRO generator; Ecofume; and Frisin—and
the deep-probing system, will be a major asset for food
protection. The combined system will diffuse the
fumigant through the grain very rapidly. The
advantage the technology offers is that it can be used at
any time, e.g. when an infestation is identified in a
cargo during loading, the deep-probing method will
enable these new phosphine production technologies
to be used with excellent results. Development work
continues so that it can be used elsewhere in the world.

 

Comparative costs of methyl bromide 
fumigation and phosphine in-transit 
fumigations of shipments

 

Studies on shipments of rice and other grains from
Spain to the United Kingdom (UK) were carried out by
Roca Defisan of Spain and Igrox Limited of UK.

 

Methodology compared

 

(a) Methyl bromide fumigation of cargo in the ship
on arrival in UK and prior to discharge,
including ventilation to ensure safe levels
throughout the cargo prior to discharge.

(b) Phosphine fumigation in-transit by application
of tablets/pellets into the cargo and ventilation
prior to discharge carried out to ensure safe
levels.

(c) As (b), but with all the tablets/pellets in
retrievable sachets/sleeves enabling residues to
be removed prior to discharge.
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(d) As (c), but with the Degesch J Systems fitted to
enable more rapid fumigation and ventilation.

The cost per hour of delays and cost of fumigation
depends on the size of the vessel. The average size
shipment in this study was 3,000 t, with average cost of
port charges of US$0.30 per gross registered tonne
(GRT) per day, and demurrage of US$3,000/day. The
average cost of fumigation and ventilation was US$2/
t. The costs of delay times (Table 1) includes
demurrage and port charges and are based on the
average calculated for UK and Spanish ports. (Port
charges vary in different parts of the world, e.g. in
India the average cost is US$0.15 GRT/day, but
demurrage costs remain similar.) Costs per hour of
delay times increase with the size of the vessel, but the
number of hours required for fumigation and venti-
lation remain approximately the same regardless of
vessel size. The cost of fumigation is much lower with
larger cargoes. Therefore, the larger the vessel the
more relevant it is to use a method which results in
minimum overall delay time to minimise potential
costs.

 

Appraisal of Phosphine Application 
Methodology that can be Considered 

for Fumigating Rice in the Ship 
during Transit

(In-transit Fumigation)

 

1. Application of tablets or pellets to the grain 
surface (or into the top half metre) (Figure 1)

 

High concentrations of gas build up in the head
space, potentially resulting in a lot of leakage through
the hatch covers unless they are very well sealed. Very
little penetration down into the cargo. Powdery
residues cannot be removed. Good kill of insects in the
top part of cargo but negligible effect on eggs or juve-
niles, or even adults in the lower part of the cargo.

 

2. Application of tablets or pellets by probing into the 
cargo a few metres (Figure 1)

 

Less loss of gas through hatch covers than in method
1. Better penetration of gas than when applied on the
surface only, but unlikely to be fully effective unless
holds are relatively shallow and the voyage time is rel-
atively long. Powdery residues cannot be removed.

 

3. Application of tablets or pellets by deep probing 
into the full depth of the cargo

 

This is difficult to achieve and currently practically
impossible if the cargo is more than 10 m deep.
Effective fumigation can be achieved provided the
voyage time is relatively long to allow the gas to dis-
tribute. Powdery residues cannot be removed.

 

4. Application of aluminium phosphide in blankets, 
sachets, or sleeves placed on the surface of the 
cargo (or into the top half metre) (Figure 1)

 

All points the same as method 1, except that with
this method powdery residues can be removed.

 

5. Application of tablets or pellets by probing into the 
cargo a few metres in retrievable sleeves (Figure 1)

 

All points as for method 2, except that with this
method powdery residues can be removed.

 

6. Fitting of an enclosed, powered recirculation 
system to the hold and application of aluminium 
phosphide tablets or pellets to the surface
(Figure 3)

 

This method will ensure that the gas is distributed
throughout the cargo evenly and rapidly, making
maximum use of the fumigant in the shortest possible
time. Powdery residues cannot be removed.

Table 1. The average delay times and costs of delay for the shipments from Spain to the United Kingdom (UK)
(for details of fumigation methodologies a–d, see text).

Methodology Average delay in Spain Average delay for 
fumigation in UK

Average delay for 
ventilation in UK

Total cost of delay

a – 24 h 20 h US$6 380

b 2 h  – 30 h US$4 640

c 3 h  – 15 h US$2 560

d 4 h  – 6 h US$1 450
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Gas moves down very slowly
from surface

After 5–7 days some gas
should reach 10–12 metres
at effective concentrations

Gas is very unlikely to reach 
15–20 metres in effective
concentrations no matter how
long the voyage

Phosphine applied on surface or probed a few metres into cargo

 

Gas moves down very rapidly
from surface—concentrations 
sufficient to kill adults only

Gas moves down from top
half of hold—concentrations
only partially effective

Higher concentrations on 
lower third of the hold—effective
but very difficult to ventilate,
resulting in high residues

Methyl bromide applied on surface

Figure 1

 

. Traditional fumigation of cargo in a ship’s hold using phosphine.

 

Figure 2

 

. Traditional fumigation of cargo in a ship’s hold using methyl bromide.
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Manhole

Phosphine drawn from 
surface to bottom of hold

Phosphine permeates
through cargo as
recirculation continues

Phosphine applied on surface 

Fan

 

Fan 

Suction pipe

Blower
pipe to
lower
hold

Aluminium
phosphide placed 
on surface of bags
in upper hold

Tween deck
closed

 

Figure 4

 

. Installation of the Degesch J System into loaded, bagged cargo on the ship ‘MV Asian
Progress’.

 

Figure 3

 

. Fumigation of cargo in a ship’s hold using phosphine and the Degesch J System.
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Manhole

Phosphine permeating from
sachets probed into the bulk

Tween deck

Phosphine permeating
from sachets located in 
perforated pipes

 

Figure 5

 

. Fumigation of cargo in the ship’s hold in bulk carriers/tween deckers with
phosphine using a passive system.

 

7. Fitting of an enclosed, powered recirculation 
system to the hold and application of aluminium 
phosphide in blankets, sachets or sleeves on the 
surface or probed into the top 1–2 m (Figure 3)

 

As for method 6, except that powdery residues can
be removed. Also gaseous residues can be removed
more easily than with other methods, as once the
powdery residues have been removed, the recircu-
lation system can be used to rapidly assist this process.

 

8. Deep probing into the full depth of the cargo 
(however deep) with tablets or pellets (in 
retrievable sleeves when required). This is being 
developed in Canada but is not yet available 
(Figure 6). Also, deep probing using pre-inserted 
pipes (Figure 5)

 

These methods enable good distribution of gas to be
achieved without the requirement for a powered recir-
culation system, provided the voyage is long enough.

 

9. Use of a powered recirculation system with 
phosphine from cylinders

 

This is not yet available but could be in the future
and would enable phosphine fumigation to be carried
out without using aluminium phosphide. This would
mean no powdery residues to deal with, and therefore

residue and safety problems at discharge ports would
be minimised. A powered recirculation system would
be needed to enable this system to work with
maximum efficacy.

 

Conclusions

 

Phosphine could both technically and economically
replace the use of methyl bromide for the fumigation
of both bulk and bagged rice and other cargoes. To
satisfy the phytosanitary authorities of exporting
countries, and the phytosanitary and quarantine
authorities of importing countries, it is likely to be
necessary to convince them of the efficacy of
phosphine compared to methyl bromide.

The fact is that phosphine is just as efficient at
killing insects as methyl bromide, provided the correct
application methodology and time period are specified
and adhered to. Comparatively, it is technically easier
to reach an efficient kill with methyl bromide because
the required time period is shorter. However, by
making use of the time available during the journey it
is relatively simple to guarantee a fully effective kill
using phosphine provided the application method-
ology and the time period for fumigation are both
specified.
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A vacuum system is used 
to assist the probe pipe to
penetrate the grain

The platform can also be 
used to enable mechanical
force to probe the pipe in 
the grain

Probing pipe consists of a double pipe with a specially
designed head to permit rapid delivery of solid
fumigant or dust retainer

A mix of grain and air is sucked by the system to
give effortless penetration of the probe in the grain

Vacuum system with vortex effect to give
good efficiency in the probing phase

 

Figure 6

 

. Fumigation using the deep probing system.
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The key to the more widespread use of phosphine in
replacing methyl bromide is that the phytosanitary or
quarantine authority or the purchaser of the cargo must
specify in writing a precise specification requirement
that can then be monitored to ensure it is adhered to.
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Ergosterol in Paddy as an Indicator of Quality

 

G. Srzednicki, C. Nimmuntavin, R.G. Mantais, J. Craske and S. Wattananon*

 

Abstract

 

Ergosterol is the predominant sterol component in fungi and can be used as an indicator of the extent of fungal
infection in grain. One of the analytical methods available to extract ergosterol from grain is solid-phase
extraction (SPE). SPE is a simpler and faster method than the conventional liquid extraction methods. Different
analytical steps have been determined for the use of SPE in paddy samples. Storage studies in conjunction with
different drying treatments have been conducted in which levels of ergosterol have been monitored. The results
of these observations have been related to the ambient conditions during storage. An attempt has been made
to use ergosterol determination by SPE for quality control purposes in stored paddy.

 

C

 

EREAL

 

 

 

CROPS

 

, such as maize, rice and wheat, are
among the major food crops for both humans and
animals throughout the world. Due to the progress in
production techniques, farmers are encouraged to
grow high-yielding crop varieties in order to increase
production as well as to achieve a marketable surplus
(Boxall and Calverley 1985). In a number of countries,
irrigation is used and then two or more crops of rice are
grown per year (Kent and Evers 1994). As a result,
grain producers and handlers are faced with a new
problem, which is to dry a larger amount of grain at the
same time. Failing to solve this problem may result in
grain quality deterioration from insect pests, moulds
and biochemical processes occurring within the grain
itself (Boxall and Calverley 1985).

Rice, especially the wet season crop, is often
harvested at very high moisture contents (MCs) which
are well above those suitable for safe storage. Post-
harvest treatments, such as sealed storage, chemical
treatment, chilling and drying are available to ensure
short- and long-term preservation of grains. In
practice, drying of grain is the most widely used grain-
preservation method (Brooker et al. 1992).

The aim of grain drying is to reduce the MC in the
grain from 22–30% to 12–14% in order to prevent the
crop from deteriorating during storage (Bakker-
Arkema and Salleh 1985). Grains can be dried in

various ways, such as traditional sun-drying or
mechanical drying (e.g. high temperature continuous
or batch drying, near ambient air drying or a combi-
nation of both). For paddy, once the moisture is
reduced below 18%, high temperature drying becomes
inefficient and tends to cause fissuring. Consequently,
a two-stage drying system has been developed in order
to solve this problem. The basic principle is to use high
temperatures for removing initial moisture down to
18% and to use low temperatures in the second stage of
drying (Driscoll and Srzednicki 1995). The advantage
of in-store drying is to maximise the drying capacity of
the grain dryer at minimum consumption of energy,
without affecting the quality of the rice. In order to
determine the optimum air temperature and drying
time for the second stage of drying, the quality of grain
after drying should be investigated. As fungal invasion
is one of major causes of grain deterioration, determi-
nation of the amount of fungal activity is one of the
most important methods available for examining the
quality of grain (Brooker et al. 1992).

Fungi can be detected in various ways, such as
microbiological methods, reduction of seed germi-
nation, discoloration, and chitin content measurement.
However, these methods are quite ineffective in deter-
mining the grain quality. Some of them require a long
period of time in determining fungal biomass, while
others require sophisticated laboratory equipment, e.g.
for chitin content measurement (Nurjanah 1996).

Seitz et al. (1977) proposed the determination of
ergosterol, which is the predominant sterol in most
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fungi, as an indicator of fungal invasion in grain.
Ergosterol analysis offers the potential to measure live
fungal biomass, because of its localisation in
membranes and oxidation upon cell death. Moreover,
this method appears to be capable of quantifying
fungal biomass as well as growth rate. Thus, it allows
a true appreciation of the dynamics of fungal growth in
nature (Gessner and Schmitt 1996). The methodology
that is widely used to detect ergosterol content in grain
involves total lipid extraction and saponification,
followed by unsaponifiable matter extraction using
solvents and ergosterol assay (Seitz et al. 1977, 1979).

In general, liquid–liquid extraction has been used as
an effective and reliable method to extract ergosterol
from grain. However, this extraction requires large
amounts of solvent and is time-consuming (Gessner
and Schmitt 1996). Hence, alternative, effective
methods of ergosterol extraction have been
investigated.

In recent years, solid-phase extraction (SPE) has
replaced liquid–liquid extraction in many applications
because it reduces the time of sample preparation, and
most highly toxic and inflammable solvents such as
petroleum ether, which are commonly used in
liquid–liquid extraction, can be avoided (Gessner and
Schmitt 1996). The authors of the paper had worked
on extraction of ergosterol by using an SPE technique.
The research showed that SPE could produce satis-
factory results in the isolation of ergosterol. Taking
advantage of the SPE extraction technique, followed
by high performance liquid chromatography (HPLC)
analysis results in a simple, quick and accurate method
for quantifying ergosterol which serves as an indicator
of fungal invasion in grain (Gessner and Schmitt 1996;
Wattananon 1997).

Given these considerations, the objective of this
study was to optimise the operating parameters (tem-
perature and time) of in-store drying on paddy rice and
use the recently developed ergosterol determination
techniques (Gessner and Schmitt 1996; Wattananon
1997; Mantais 1998) to assess paddy rice quality after
drying.

 

Materials and Methods

 

Two Australian paddy rice varieties were used,
namely a medium-grain variety ‘Amaroo’ and long-
grain variety ‘Langi’, supplied by the Rice Growers
Cooperative at Leeton, New South Wales.

Ergosterol for standard solutions, supplied by
Sigma (>90% purity) or Fluka (>98% purity), was
stored in tightly capped bottles, covered with

aluminium foil and kept in the refrigerator. All
solvents and reagents used were of either analytical or
HPLC-grade. SPE maxi-clean cartridges (C18, 900
mg of sorbent, 3 mL column volume) were from
Alltech Associates, Inc.

The HPLC system consisted of a Bio-Rad model
1330 pump, Waters U6K injector, and Waters 486
tunable absorbance detector, set at 282 nm, and was
connected to a personal computer operating as the
system controller. The column used was a Supelcosil
LC-8 column (15 cm length 

 

× 

 

4.6 mm diameter 

 

×

 

 5 µm
particle size) from Supelco.

A laboratory-scale fluidised bed dryer (Figure 1)
and in-store dryer (Figure 2) were used in the
experiments.

 

Ergosterol assays

 

Lipid extraction and saponification

 

According to the method of Gessner and Schmitt
(1996), a 100–200 mg sample of ground paddy rice
were refluxed in 25 mL of 0.14 M KOH in pure
methanol for 30 min. The extract was allowed to cool
down and then transferred to a 50 mL beaker. The
extraction flask was rinsed with 5 mL of methanol and
added to the beaker.

 

Acidification

 

The pH of the total extract was adjusted to 4–6 by
adding 0.75 M HCl (X mL), and then Y mL of distilled
water to make up a total of 10 mL. For example, if 3
mL of 0.75 M HCl were used, 7 mL of distilled water
were added.

 

Solid-phase extraction (SPE)

 

A SPE cartridge was fitted into a 20 mL syringe and
held by the clamp holder. The cartridge was then con-
ditioned with 7.5 mL methanol, followed by 7.5 mL of
conditioning solvent (6 volumes of 0.12 M KOH
dissolved in pure methanol plus 1 volume of 0.75 M
HCl) at a flow rate of 2–5 mL/min.

The supernatant liquid of the extract was loaded into
the cartridge at a flow rate of 1 mL/min. After loading,
the cartridge was washed with 2.5 mL 0.4 M KOH in
60% methanol. Then, ergosterol was eluted with 5 mL
0.1 M KOH in pure isopropanol, into a small, brown
bottle containing 0.3 mL 1 M KOH in pure methanol.
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Grain inlet Air outlet

Air inlet

Grain outlet

 

Fan

Heater

Silo

 

Figure 1.

 

Schematic diagram of a laboratory-scale fluidised bed dryer.

 

Figure 2

 

. Schematic diagram of a laboratory-scale in-store dryer.
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Quantitation by HPLC

 

The ergosterol eluate was analysed by HPLC. The
system was run isocratically with mixture of isopro-
panol, acetronitrile and deionised water (45:30:25 by
volume) at a flow rate of 1 mL/min. 25 µL of sample
was injected and ergosterol was detected at 10–12 min.
Ergosterol was quantified by measuring the peak area
obtained from the chromatogram.

 

Calculation

 

The ergosterol content was determined as shown in
Equation 1:

Ergosterol (g/g dry matter) = (C 

 

×

 

 V)/D (1)
where:

C=Concentration of ergosterol reading from
standard curve (mg/mL)

V=Volume of final separation of ergosterol (5 mL)
D=Dry matter of grain (g)

 

Standard curve

 

A 1.25 mg/mL stock solution was prepared by accu-
rately weighing 0.125 g of ergosterol using a four
decimal place, digital analytical balance, and dis-
solving the ergosterol in 100 mL methanol. The stock
solution was then diluted with methanol to obtain con-
centrations of 0.125, 0.1, 0.05, 0.025, 0.01, 0.005,
0.002 and 0.001 mg/mL. Each standard solution
(except the 1.25 mg/mL stock solution) was injected
into the HPLC apparatus six times in random order. A
standard curve was constructed from the relationship
between concentration of ergosterol and average peak
area obtained from the chromatograms.

 

Recovery of ergosterol after SPE in the absence of 
paddy sample

 

5 mL each of 0.125 mg/mL and 0.05 mg/mL
standard solutions were subjected to lipid extraction,
acidification, SPE and injected for HPLC four times in
random order. A standard curve was constructed in the
same way as for the pure standard.

 

Recovery of ergosterol after SPE in the presence of 
paddy sample

 

The same method was used, but in the presence of a
paddy sample (both long and medium grain with 14%
MC).

 

Grain drying

 

Grain preparation

 

10 batches (11 kg per batch) of long-grain paddy
rice (‘Langi’) were rewetted from 14% to 26% MC,
closed tightly and stored in a cold room (5°C) for

several weeks (until the MC of all grain in the batch
was uniform).

 

Treatments

 

Two batches of wetted grain were dried in a
fluidised bed dryer at 90°C with an airflow rate of 66
m/min for 11 min to reduce the MC of the grain from
26% to 18%. This was followed by drying in an in-
store dryer at ambient temperature with an airflow rate
of 25.5 m

 

3

 

/m

 

3

 

/min (treatment 1) or 51 m

 

3

 

/m

 

3

 

/min
(treatment 2) to reduce the MC of grain from 18% to
14%. Another three batches were dried directly in an
in-store dryer at ambient temperature with an airflow
rate of 25.5, 83, or 117 m

 

3

 

/m

 

3

 

/min (treatments 3, 4,
and 5) to reduce the MC of grain from 26% to 14% in
the surface layer of grain. Each treatment was carried
out in duplicate.

 

Grain analysis

 

Grain samples were taken from three depths: 0 cm
(surface), 12 cm (middle) and 24 cm (bottom) from the
paddy rice surface. MC was determined using an
infrared dryer (3 g of ground paddy rice, dried for 13
min). Ergosterol content determination was carried out
by SPE and HPLC (see above).

 

Results

 

Standard curve

 

The standard curve was linear with a R

 

2

 

 value of
0.9947 as shown in Figure 3.

 

Recovery of ergosterol after SPE work 
up in the presence of paddy sample

 

The recovery studies of ergosterol through the SPE
procedures were carried out in long-grain and
medium-grain paddy. However, only 0.125 mg/mL
and 0.05 mg/mL stock solutions were used, which was
enough to study the ergosterol recovery in the
presence of paddy rice. The results obtained are shown
in Figure 4.

The ergosterol recovery was reduced by 14% in the
presence of both varieties of grains when compared
with the standard curve. The recovery varied very
slightly between the two grain types. Furthermore, the
ergosterol recovery in the presence of both grains
tended to decrease as the concentration of stock
solution increased. The result obtained was quite
similar to that found by Mantais (1998).
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Recovery of ergosterol after SPE in the 
presence and absence of paddy sample

 

In order to assess the effects of paddy on the
recovery of ergosterol the same procedure was carried
out with both concentrations of stock solutions (0.125

mg/mL and 0.05 mg/mL), this time in the presence and
absence of paddy rice. As the varieties of grains did
not show any difference in ergosterol recovery, only
long-grain paddy rice was selected for the recovery
studies. Both ergosterol contents of stock solutions in
the presence and in the absence of paddy rice after SPE
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Figure 3. Standard curve of ergosterol (Sigma >90% purity) in methanol.

Figure 4. Comparison of ergosterol recovery in the presence of medium and long-grain paddy rice after solid-phase
extraction (SPE) work up with standard curve.
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work up decreased slightly when compared with the
standard curve. However, there was no significant dif-
ference in the ergosterol recovery of stock solution
between the presence and the absence of paddy rice
(see Figure 5). Hence, it could be concluded that the
loss of ergosterol did not result from the presence of
paddy rice. The loss of ergosterol might be due to the
several steps of the extraction process used. For
example, some of the ergosterol might be lost during
saponification (thermal reaction), pH adjustment,
transfer from one container to another etc.—all steps
being possible sources of unavoidable errors.

In addition, as the initial ergosterol present in rice
was very low, this then could not have affected any
difference in ergosterol recovery from both treat-
ments. As a result, it was not surprising to observe
similar ergosterol recoveries in the presence or
absence of paddy rice.

As in earlier experiments, the ergosterol recovery in
both treatments tended to decrease as the concen-
tration of stock solution increased. The ergosterol
recovery was between 85% and 90% for 0.125 mg/mL
and 0.05 mg/mL, respectively. Hence, it appears that
the level of ergosterol recovery depends on the con-
centration of ergosterol present. Since the maximum
level of ergosterol found in spoiled paddy rice in this
experiment was around 60.5 µg/g dry matter (equiv-
alent to 0.002 mg/mL), about 90% of it could be
recovered. As, in general, the levels of ergosterol in

mouldy grain are in the range 8–15 µg/g dry matter, we
can assume that 90% of ergosterol can be determined
(Schnurer and Jonsson 1992).

 

Optimisation of grain drying

 

The optimisation of paddy drying was based on
ergosterol content determination using the SPE tech-
nique. High moisture paddy rice (26%) was dried and
analysed for moisture and ergosterol content as
described earlier. The results obtained are shown in
Figures 6–10.

In the drying experiments, the Fluka standard
(>98% purity) was used to prepare the standard curve.
The reason for doing so was that a higher purity
standard was more likely to lead to more accurate
results with regard to the ergosterol content in paddy.

In the first treatment, paddy was dried by using a
fluidised bed dryer until the MC of paddy rice dropped
from 26% to 18%. Then, paddy was dried slowly in an
in-store dryer with a low airflow rate (25.5 m

 

3

 

/m

 

3

 

/
min) until the MC at the surface was 14%. As can be
seen in Figure 6A, the MC of paddy rice in all three
layers was quite uniform. In addition, using a slow
airflow rate resulted in high drying efficiency and low
energy consumption. As air passed through each layer
of grain slowly, this allowed more time for the air to
pick up moisture from the paddy rice. The air leaving
the surface of grain become nearly saturated. The
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Figure 5. Comparison of ergosterol recovery in the presence and the absence of long-grain rice after solid-phase
extraction (SPE) work up with standard curve.
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ergosterol content from each layer was lower than that
initially. Furthermore, the ergosterol content from the
bottom layer was the lowest, while the surface was the
highest. This was because air first flowed through the
bottom layer, followed by middle and surface layers,
respectively. The outlet air of the bottom layer became
the inlet air of the middle layer and so on. This resulted
in a time delay for the next layers to reach the same
condition as the first layer. As a result, the bottom
layer had dried first and thus showed the lowest ergos-
terol content. A similar result was obtained from the
second sample subjected to this treatment (Figure 6B).

In the second treatment, the same procedure was
carried out as in the first treatment, but this time with
a doubled airflow rate (51 m

 

3

 

/m

 

3

 

/min) in the in-store
dryer (see Figure 7). The MCs in each layer were less
uniform than those in treatment 1. As the airflow rate
was increased, grain was dried quicker, since the time
that it was exposed to air had decreased. As a result,
this led to a higher moisture gradient in the same bin.
The ergosterol content from each layer was also lower
than the initial ergosterol content. Furthermore, the
ergosterol content in the bottom layer was the lowest
while the ergosterol at the surface layer was the
highest for the same reason as in treatment 1. The
second batch (Figure 7B) showed very similar results.

In the third treatment, paddy rice was dried using
only an in-store dryer with a low airflow rate (25.5 m

 

3

 

/
m

 

3

 

/min). The MC from each layer of dried paddy rice
was quite uniform (Figure 8A), which was similar to
the results obtained in treatment 1. However, the
ergosterol content from each layer of dried paddy rice
was higher than the initial ergosterol content. This was
because paddy rice was dried from the high MC (26%)
to 14% with ambient air temperature at a slow airflow
rate, which had taken a considerable time (nearly 2
weeks). Consequently, there was a possibility that
fungi could germinate during the initial period of
drying, resulting in a higher ergosterol content in the
dried paddy. The same result was obtained in the
duplicate batch (Figure 8B).

The fourth treatment was carried out in the same
way as in treatment 3, but with a doubled air flow rate
(83 m

 

3

 

/m

 

3

 

/min) and reduced depth. The results
obtained from this treatment are shown in Figure 9.
The MC from each layer of dried paddy was quite
uniform which was quite different from the results
obtained in treatment 2 with the same air speed. This
could be attributed to the fact that the depth of grain in
this treatment was reduced. Similarly, the ergosterol
content in each layer of dried paddy was higher as

compared with the initial ergosterol content. Both
batches showed similar results.

The fifth treatment was carried out in the same way
as treatment 3, but with a very high air flow rate (117
m

 

3

 

/m

 

3

 

/min). A high moisture gradient was observed
in spite of the reduction in the depth of grain (Figure
10). Similarly, the ergosterol content in each layer of
dried paddy was increased as compared to the initial
ergosterol content. However, the increase of ergosterol
content in absolute terms was lower than in treatments
3 and 4. This was because using a higher airflow rate
resulted in faster drying. Hence, the probability that
fungi germinated during the initial period of paddy
rice drying was decreased with a higher airflow rate.
The duplicate batch showed similar results.

Considering the change in ergosterol content in each
treatment (Figure 11), it was found that a two-stage
drying system, which was used in treatments 1 and 2,
tended to decrease the ergosterol content in dried
paddy rice around 60% and 30%, respectively. In
contrast, using only an in-store dryer was not an
effective way to dry paddy with respect to the drying
time, especially for low airflow rates, or the preser-
vation of quality. It can be seen in Figure 11 that the
ergosterol content of paddy rice dried with in-store
dryer alone increased around 20–30% when compared
to the initial ergosterol content.

As a result, the SPE method was accepted on
account of its simplicity, high ergosterol recovery
(>85%), high consistency and reliability in deter-
mining ergosterol in paddy.

However, it remains unclear which mechanism is
involved in the reduction of ergosterol content when
using a fluidised bed dryer. As high temperature was
used in fluidised bed drying, the reduction of ergos-
terol might have resulted from a thermal breakdown.
This issue is currently being explored, including
chemical analysis of products of decomposition of
ergosterol following exposure of paddy to high tem-
perature. This appears to be a necessary step before
recommendations can be issued with regard to the use
of ergosterol as a quality indicator on a commercial
scale.

 

Conclusions

 

The present study has shown that the SPE method was
acceptable on the grounds of its simplicity, high ergos-
terol recovery (>85%), high consistency and reliability
in determining ergosterol in paddy. It appears that the
efficiency of ergosterol recovery depends on the con-
centration of ergosterol present. The recovery of
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Figure 6

 

. Moisture and ergosterol content of dried paddy rice. Treatment 1: fluidised bed drying + in-store drying
(airflow rate 25.5 m

 

3

 

/m

 

3

 

/min). (A) and (B) are replicates.

 

Figure 7

 

. Moisture and ergosterol content of dried paddy rice. Treatment 2: fluidised bed drying + in-store drying
(airflow rate 51 m

 

3

 

/m

 

3

 

/min). (A) and (B) are replicates.
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Figure 8.

 

Moisture and ergosterol content of dried paddy rice. Treatment 3: in-store drying (airflow rate 25.5 m
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/
m
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/min). (A) and (B) are replicates.

 

Figure 9

 

. Moisture and ergosterol content of dried paddy rice. Treatment 4: in-store drying (airflow rate 83 m

 

3

 

/
m

 

3

 

/min). (A) and (B) are replicates.
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Figure 10

 

.Moisture and ergosterol content of dried paddy rice. Treatment 5: in-store drying (airflow rate 117 m

 

3

 

/
m

 

3

 

/min). (A) and (B) are replicates.

 

Figure 11

 

.Comparison between treatments with regard to moisture contents and ergosterol changes, where: FB =
fluidised bed drying; IN = in-store drying; S = slow airflow rate; F = fast airflow rate; and VF = very
fast airflow rate.
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ergosterol is inversely proportional to its concen-
tration in the grain. As the maximum level of ergos-
terol found in spoiled paddy rice in the recovery
experiment was around 60.5 µg/g dry matter (equiv-
alent to 0.002 mg/mL) the ergosterol recovery was still
above 90%.

By using ergosterol techniques as quality
assessment, it was found that a two-stage drying
system (fluidised bed drying + in-store drying with
slow airflow rate) was the best drying method for
paddy. This drying strategy resulted in an uniform MC
of paddy at all depths of the grain bed. Furthermore, it
contributed to the preservation of the quality of paddy
by lowering the ergosterol content.

However, the effects of fluidised bed drying on the
reduction of ergosterol content still remain to be
explained. Since high temperature was used in
fluidised bed dryer, the reduction of ergosterol might
have resulted from thermal breakdown. Further
studies are being conducted on the ergosterol content
in paddy after drying at high temperature in the
fluidised bed dryer and on the products of decompo-
sition resulting from this treatment. The conclusions of
the remaining investigations should lead to recom-
mendations on the use of ergosterol as a quality
indicator for paddy on a commercial scale.
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Milling, Pasting, and Texture Changes in Rice as 
Affected by Aging

 

N.V. Zulueta*, D.C. Basinga*, N.O. Dalangin*and B.O. Juliano†

 

Abstract

 

This study was conducted to verify the effect of aging on rice grain quality, and to determine the minimum
period wherein rice properties become stable. Four varieties (PSBRc10, PSBRc14, IR64, and IR74) of freshly
harvested rice differing in amylose content and gelatinisation temperature, and stored at room temperature for
90 days, were assessed every 15 days for their milling quality, pasting characteristics, and texture properties.
As the storage period increased, a decreasing trend in total milled rice recovery was observed for all the rice
varieties. Percentage brown rice of PSBRc10 and head rice recovery of IR64, however, were not affected by
storage. Aging of the four varieties also resulted in changes in their characteristics. Peak and cooked paste
viscosity and breakdown values increased with prolonged storage. Changes in cooked rice hardness occurred
within 15 days of storage, but the texture of aged IR64 remained unaffected up to the end of the 90-day storage
period. A minimum of 60 days of storage was required for stabilisation of the grain characteristics.

 

T

 

HE

 

 quality of rice is one of the major considerations
in the breeding program of the Philippine Rice
Research Institute (PhilRice). As such, promising
selections entered under the National Rice Cooper-
ative Testing Project are constantly being evaluated
for rice grain quality.

In the evaluation of grain quality, significant differ-
ences in the milling potential of rice have been
observed from season to season. Since samples are
aged for different periods prior to evaluation, discrep-
ancies have been attributed to these differences in
length of storage. Rice samples are also aged for at
least three months prior to the conduct of sensory eval-
uation. This lengthy storage period often causes delays
in the processing and evaluation of rice grain quality
data.

Some physico-chemical properties of rice which
have been reported to be affected by storage include
swelling fragility, shape of the rice grain, and the
volume of cooked rice (Chrastil 1990). Cooking and
processing qualities of freshly harvested rice have also
been shown to differ from those of stored or aged rice

(Normand et al. 1964). Changes in texture and pasting
characteristics of rice during storage have likewise
been reported (Perez and Juliano 1981). Hence, this
study was conducted to verify the effect of storage on
the milling potential, pasting, and texture properties of
rice. It also aimed to determine the critical period in
which changes occur and the optimum period wherein
grain quality stabilises.

 

Materials and Methods

 

Sample preparation

 

Four varieties (PSBRc10, PSBRc14, IR64, and
IR74) of freshly harvested rice differing in amylose
content and gelatinisation temperature were used.
Samples of each variety were procured from the Seed
Production and Health Division of the Philippine Rice
Research Institute after harvest. The samples were
immediately dried to a moisture content of approxi-
mately 12%, cleaned, placed in paper bags, and stored
at room temperature. Samples were withdrawn at 15-
day intervals starting from the beginning of the trial up
to 90 days of storage, and analysed for moisture
content, milling potential, gelatinisation properties,
and cooked rice texture.

* Philippine Rice Research Institute, Maligaya, Muñoz, 
Nueva Ecija 3119, Philippines.

† Philippine Rice Research Institute, University of the 
Philippines at Los Baños, Laguna, Philippines.
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Milling potential

 

The milling quality of rice was evaluated by deter-
mining percentage brown rice, total milled rice and
head rice recoveries. The percentage of brown rice was
measured by dehulling a 125 g sample of rough rice
using the SATAKE dehuller. The brown rice was
whitened using the McGill #2 polisher to obtain total
milled rice. The head rice recovery was then measured
by separating the whole grains and broken grains from
milled rice using a SATAKE rice grader. Percentage
brown rice and total milled rice were based on the
weight of rough rice (125 g). Head rice recovery was
based on the weight of total milled rice.

 

Gelatinisation properties

 

The pasting characteristics of the rice varieties were
measured using the Rapid Visco Analyzer (RVA)
(Newport Scientific Model 3CR). The test was
conducted using the standard AACC Method 61–02 of
the American Association of Cereal Chemists.

A 3.0 g sample of rice flour was weighed and placed
in the RVA canister. 25 mL of distilled water was
added and the RVA paddle was inserted into the
canister. The whole assembly was then lowered into
the instrument for measurements. The test proceeded
and terminated automatically. The peak, minimum
and final viscosity at 50°C was recorded. Viscosity
was measured in rapid visco units (RVU). Breakdown
values (peak-minimum) are indicative of the fragility
of the starch granules and are good indices of the sus-
ceptibility of starch to disintegration (Juliano 1985).
Setback viscosity (final-minimum), on the other hand,
is a measure of the degree of retrogradation or
hardening of starch upon cooling.

 

Cooked rice texture

 

Milled rice samples from the different rice varieties
were cleaned with cheese cloth to remove adhering
bran. A 5 g sample was weighed and placed in an
aluminum canister. 8 mL of distilled water was added
to obtain a rice to water ratio of 1:1.6. The rice–water
mixture was allowed to stand for 30 min. The canister
containing the sample was placed inside a rice cooker
containing 75 mL of distilled water. The sample was
cooked and kept inside the rice cooker for an addi-
tional 15 min after the rice cooker automatically shut
off. The cooked sample was removed from the rice
cooker and allowed to cool for 1 hour. Texture meas-
urements were then immediately taken using a

tensipresser (My Boy System Analyzer and Con-
troller, Japan).

Duplicate samples of cooked rice were evaluated
and the texture profiles of 10 single grains were taken.
An average of 10 measurements was reported.

 

Results and Discussion

 

Storage changes

 

Milling quality

 

The effects of storage on the milling quality of four
different rice varieties differing in amylose content
and gelatinisation temperature are shown in Tables 1
and 2. Storage of up to 75 days did not cause any sig-
nificant changes to percentage brown rice of IR64
harvested during the wet and dry seasons. A slight
decrease, however, was observed at the end of the 90-
day storage period. Percentage brown rice of the wet-
season harvest of IR74 and PSBRc14 was not affected
by the length of storage, but the dry-season harvest of
the same varieties decreased upon storage. Percentage
brown rice of PSBRc10 for both the wet and the dry
season decreased as the storage period increased.

A decreasing trend in total milled rice recovery with
increasing storage period was observed for all the rice
varieties when planted during the dry season (Table 2).
IR64 and PSBRc10 also exhibited the same trend
when planted during the wet season. Total milled rice
of IR74 and PSBRc14 remained unaffected
throughout the 90-day storage period during the wet
season.

The percentage head rice recovery of IR64 was
stable across the seasons. Head rice recovery of IR74
harvested during the wet and dry seasons, however,
decreased as the storage period increased. The
opposite trend was noted for PSBRc10. PSBRc14
showed an increase in head rice recovery as the storage
period increased during the wet season. Dry-season
harvest of the same variety was also noted to have
lower head rice recovery when aged.

 

Pasting characteristics

 

Significant changes in the viscosity of the four
different rice varieties were observed upon storage of
freshly harvested rice, as shown in Tables 3 and 4. An
increase in peak viscosity of high amylose rice
varieties (IR74 and PSBRc10) sampled during the wet
season was observed after 90 days of storage. Wet-
season harvest of rice varieties with intermediate
amylose content (PSBRc14 and IR64) likewise
showed an increase in peak viscosity during storage.
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Table 1.

 

Effect of storage period on the milling potential of different rice varieties harvested during the 1997 wet
season (BR = brown rice, MR = total milled rice recovery, HR = head rice recovery, MC = moisture
content).

Variety/Milling potential  Storage period (days)

IR64  0  15  30  45  60  75  90

 

BR (%) 80.01 a 79.76 ab 79.92 a 79.88 a 79.89 a 79.80 a 79.59 b

MR (%) 71.44 ab 70.91 bc 70.94 bc 70.92 bc 71.61 a 71.49 a 70.50 c

HR (%) 74.21 ab 72.60 b 74.89 a 73.51 ab 74.27 ab 74.26 ab 74.82 a

MC (%) 10.67 c 10.83 b 10.79 b 11.30 a 10.06 d  9.99 d  9.84 e

 

IR74  0  15  30  45  60  75  90

 

BR (%) 78.50 a 78.55 a 78.81 a 78.71 a 78.58 a 77.89 a 78.56 a

MR (%) 63.31 a 63.59 a 63.52 a 64.00 a 62.46 b 61.92 b 63.38 a

HR (%) 21.57 bc 21.31 bc 24.83 a 19.96 cd 26.38 a 23.81 b 17.51 d

MC (%) 11.09 b 11.68 a 10.43 c 10.43 c 10.10 d 10.29 c 11.10 b

 

IR64  0  15  30  45  60  75  90

 

BR (%) 80.04 a 79.93 a 79.86 ab 80.04 a 80.13 a 79.57 b 78.88 c

MR (%) 70.89 a 70.64 a 71.34 a 71.32 a 71.08 a 71.10 a 69.89 b

HR (%) 63.05 b 61.17 c 63.91 ab 65.60 a 63.07 b 65.23 b 65.09 b

MC (%) 10.92 c 10.93 c 11.57 a 11.31 b 10.15 d 10.07 e  9.99 e

 

IR64  0  15  30  45  60  75  90

 

BR (%) 79.20 b 79.09 b 79.08 b 79.28 b 79.39 ab 79.68 a 79.17 b

MR (%) 70.36 b 69.92 b 70.33 b 70.32 b 70.67 b 71.59 a 70.14 b

HR (%) 75.95 bc 75.35 c 77.24 ab 77.11 ab 77.72 a 76.08 bc 78.04 a

MC (%) 10.32 d 10.57 c 11.21 a 11.00 b  9.78 ef  9.66 f  9.87 e

Note: in a row, means followed by the same letter are not significantly different at 5% level by Duncan’s multiple range test 
(DMRT).

 

Table 2. 

 

 Effect of storage period on the milling potential of different rice varieties harvested during the 1998 dry
season (BR = brown rice, MR = total milled rice recovery, HR = head rice recovery, MC = moisture
content).

Variety/Milling potential  Storage period (days)

IR64  0  15  30  45  60  75  90

 

BR (%) 77.97 a 78.02 a 77.86 ab 78.01 a 77.77 ab 77.95 ab 77.22 b

MR (%) 68.56 ab 68.69 ab 69.12 a 68.77 b 68.09 bc 67.82 bc 67.35 c

HR (%) 57.19 a 57.78 a 58.82 a 58.33 a 57.78 a 59.25 a 57.43 a

MC (%) 10.65 b 10.12 e 10.30 d 10.94 a 10.95 a  9.92 f 10.49 c
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IR74  0  15  30  45  60  75  90

 

BR (%) 79.29 a 78.66 bc 78.42 c 78.92 b 78.50 a 78.71 bc 78.10 d

MR (%) 69.79 a 69.96 a 69.74 a 69.61 a 69.23 ab 69.59 a 68.40 b

HR (%) 65.53 b 64.76 b 67.03 a 64.45 b 65.05 b 62.76 c 61.19 d

MC (%) 11.32 b 10.57 d 10.01 e 11.32 b 11.71 a 10.65 d 11.08 c

 

PSBRc10  0  15  30  45  60  75  90

 

BR (%) 77.84 ab 78.08 a 77.86 ab 78.00 ab 77.75 ab 76.76 bc 76.33 c

MR (%) 64.90 bc 65.73 ab 66.35 a 65.16 bc 64.84 bc 64.11 dc 63.52 d

HR (%) 43.00 c 48.15 a 45.88 b 44.77 bc 47.59 c 44.25 bc 46.20 b

MC (%) 11.38 b 10.47 d 10.33 d 11.59 ab 11.72 a 10.48 d 10.96 d

 

PSBRc14  0  15  30  45  60  75  90

 

BR (%) 79.56 a 79.50 a 79.24 b 79.63 a 79.17 b 79.08 b 78.70 c

MR (%) 71.01 ab 71.61 a 71.35 ab 71.38 ab 70.85 b 70.17 c 69.86 c

HR (%) 85.06 bc 86.64 a 86.29 ab 85.61 ab 84.18 c 80.43 d 78.09 e

MC (%) 11.01 b 10.11 c 10.23 c 11.36 a 11.34 a 10.28 c 11.07 b

Note: in a row, means followed by the same letter are not significantly different at 5% level by Duncan’s multiple range test 
(DMRT).

 

Table 2. 

 

 (Cont’d) Effect of storage period on the milling potential of different rice varieties harvested during the
1998 dry season (BR = brown rice, MR = total milled rice recovery, HR = head rice recovery, MC =
moisture content).

Variety/Milling potential  Storage period (days)

 

Table 3. 

 

 Effect of storage on the pasting characteristics of different rice varieties harvested during the 1997 wet
season. All viscosity measurements are expressed in rapid visco units (RVU).

Variety/
Pasting characteristics

 Storage period (days)

IR64  0  15  30  45  60  75  90

 

Peak viscosity 214.67 e 222.67 d 235.67 c 238.33 c 262.67 a 261.33 a 250.67 b

Setback  9.67 a  10.00 a  2.33 ab  3.00 ab  –4.33 bc  –6.33 c  –0.33 bc

Breakdown  90.00 c  89.67 c 100.67 b 102.00 b 114.00 a 117.68 a 114.00 a

Consistency  99.67 d  99.67 d 103.00 c 105.00 c 109.67 b 111.33 ab 113.00 a

Moisture content (%)  9.21 e  10.86 a  10.17 b  9.53 d  10.72 a  9.84 c  10.90 a

 

IR74  0  15  30  45  60  75  90

 

Peak viscosity 266.00 dc 263.00 d 301.00 a 294.67 ab 275.33 c 290.00 b 292.33 ab

Setback 134.67 d 130.67 d 139.67 dc 152.00 ab 158.00 a 146.00 bc 149.33 abc

Breakdown  34.00 bc  31.00 c  39.67 a  37.67 ab  31.33 c  34.00 bc  34.67 bc

Consistency 168.67 bc 165.67 c 179.33 ab 189.67 a 189.33 a 180.00 ab 184.00 a

Moisture content (%)  10.80 b  9.97 d  11.06 a  10.29 c  10.78 b  11.08 a  10.85 ab
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PSBRc10  0  15  30  45  60  75  90

 

Peak viscosity 210.33 d 228.67 c 237.00 bc 238.00 bc 255.33 a 258.33 a 244.67 ab

Setback  83.33 d  87.33 cd  97.67 c  96.67 bc 92.67 bcd  99.67 b 110.67 a

Breakdown  31.67 c  42.33 ab  40.67 b  46.67 ab  49.67 a  49.33 a  44.67 ab

Consistency 115.00 d 129.67 c 138.33 bc 143.33 ab 142.33 b 149.00 ab 155.33 a

Moisture content (%)  10.14 cd  10.27 bc  10.46 b  9.75 e  10.97 a  9.99 de  11.06 a

 

PSBRc14  0  15  30  45  60  75  90

 

Peak viscosity 235.67 e 244.33 d 254.00 bc 250.67 cd 272.00 a 271.33 a 260.67 b

Setback  2.67 a  –6.33 ab  –9.67 b  –3.33 ab –14.33 b –13.00 b  –3.33 ab

Breakdown 100.33 c 111.33 b 116.33 b 113.33 b 128.00 a 127.33 a 121.33 ab

Consistency 103.00 e 105.00 de 106.67 d 110.00 c 113.67 b 114.33 b 118.00 a

Moisture content (%)  9.36 d  10.46 ab 10.07 bc  9.93 c  10.83 a  9.87 c  10.71 a

Note: in a row, means followed by the same letter are not significantly different at 5% level by Duncan’s multiple range 
test (DMRT). 

 

Table 3. 

 

 (Cont’d) Effect of storage on the pasting characteristics of different rice varieties harvested during the 1997
wet season. All viscosity measurements are expressed in rapid visco units (RVU).

Variety/
Pasting characteristics

 Storage period (days)

 

Table 4

 

.  Effect of storage period on the pasting characteristics of different rice varieties harvested during the 1998
dry season. All viscosity measurements are expressed in rapid visco units (RVU).

Variety/
Pasting characteristics

 Storage period (days)

IR64  0  15  30  45  60  75  90

 

Peak viscosity 260.00 a 260.67 a 244.00 b 242.67 b 235.33 bc 232.00 c 222.67 d

Setback  12.67 d  15.33 d  21.67 c  27.00 cd  30.00 b  32.33 ab  36.67 a

Breakdown 105.33 a 105.67 a  94.33 b  94.33 b  91.00 bc  86.67 cd  83.67 d

Consistency 118.00 bc 121.00 a 116.00 c 121.33 a 121.00 a 119.00 ab 120.33 ab

Moisture content (%)  10.95 a  9.66 d  10.20 c  10.56 ab  11.03 a  9.95 cd  10.01 cd

 

IR74  0  15  30  45  60  75  90

 

Peak viscosity 213.33 d 237.67 c 244.00 c 261.00 b 265.33 ab 265.33 ab 272.67 a

Setback  70.00 d  82.00 c  81.00 c  97.33 b 102.00 b 106.00 b 117.00 a

Breakdown  26.00 e  36.00 d  33.67 d  41.33 c  45.33 bc  48.67 b  54.00 a

Consistency  96.00 e  82.00 f 114.67 d 138.67 c 147.33 bc 154.67 b 171.00 a

Moisture content (%)  11.52 a  10.25 c  10.78 b  11.01 b  11.63 a  10.32 c  10.91 b

 

PSBRc10  0  15  30  45  60  75  90

 

Peak viscosity 179.67 a 184.33 a 173.67 ab 170.33 abc 158.33 cd 155.67 d 163.67 bcd

Setback 147.67 ab 152.67 a 141.33 bc 147.67 ab 140.67 bc 131.00 d 136.33 cd

Breakdown  6.00 ab  3.00 bc  2.67 bc  0.67 c  2.33 bc  0.67 c  8.33 a

Consistency 153.67 a 155.67 a 144.00 b 148.33 ab 143.00 b 131.67 c 144.67 b
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