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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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§ Post-Harvest Technology Institute (PHTI), 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)



 

497

 

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.
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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.

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)



 

512

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

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)



 

514

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

 

3

 

/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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Moisture content (%)  11.65 a  10.26 d  10.57 c  10.74 bc  11.53 a  10.76 c  10.87 b

 

PSBRc14  0  15  30  45  60  75  90

 

Peak viscosity 244.67 a 252.67 a 245.00 a 247.00 a 231.67 ab 192.33 b 218.67 ab

Setback  6.00 f  13.33 e 19.00 d 21.00 d  26.00 c  31.33 b  38.67 a

Breakdown 116.67 a 108.67 a 100.00 b 101.33 b  93.00 c  87.67 d  83.33 d

Consistency 117.67 c 122.00 ab 119.00 bc 123.00 a 120.33 abc 119.00 bc 122.00 ab

Moisture content (%)  11.14 ab  10.01 e  10.38 d 10.51 d  11.30 a  10.41 d  10.84 bc

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 4

 

.  (Cont’d) 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)

 

Table 5.

 

Effect of storage period on the texture of cooked rice for different rice varieties harvested during the 1997
wet season (hardness = 

 

× 

 

10

 

5

 

 dynes/cm

 

2

 

, adhesion = 

 

×

 

 10

 

3

 

 dynes/cm

 

2

 

).

Variety/Texture  Storage period (days)

IR64  0  15  30  45  60  75  90

 

Hardness  4.18b  4.77ab  4.28b  4.31b  4.56b  4.73ab  5.30a

Adhesion  2.34a  2.28a  2.45a  1.85b  1.84b  1.45a  1.79b

 

IR74  0  15  30  45  60  75  90

 

Hardness  6.04b  5.99b  5.90b  6.63ab  6.43ab  6.65ab  6.92a

Adhesion  3.80a  3.43a  3.12a  2.82a  2.82a  3.31a  3.19a

 

PSBRc10  0  15  30  45  60  75  90

 

Hardness  5.96ab  6.49ab  5.25c  5.88c  5.94ab  6.59a  6.60a

Adhesion  1.18cd  0.96cd  1.46bc  1.81b  2.40a  0.70d  0.77d

 

PSBRc14  0  15  30  45  60  75  90

 

Hardness  4.25bc  4.85 ab  4.52bc  4.12c  4.54bc  4.44bc  5.23a

Adhesion  2.35ab  2.39a  2.19ab  1.92bc  1.96bc  1.66c  1.95bc

Note: in a row, means followed by the same letter are not significantly different at 5% level by Duncan’s multiple range test 
(DMRT).
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Minimum viscosity of IR64, PSBRc10, and
PSBRc14 increased with increase in storage period
during the wet season, but an opposite trend was
observed for the dry-season harvest.

An increase in cooked paste viscosity was noted for
all varieties harvested during the wet season as the
storage period increased. The final viscosity of IR64
and PSBRc10 decreased as the storage period
increased during the dry season. The final viscosity of
IR74 increased as the storage period increased during
the dry season, but this characteristic in PSBRc14 was
not significantly affected by aging.

Setback values increased as the storage period
increased for IR74 and PSBRc10 during the wet
season and for IR64, IR74, and PSBRc14 during the
dry season. The highest increase was observed for
IR74 (47 RVU) during the dry season. A decrease in
setback values occurred after 90 days of storage for
IR64 and PSBRc14 during the wet season and for
PSBRc10 during the dry season.

All four rice varieties showed increases in
breakdown values as the storage period increased
during the wet season. The highest increase observed
was for PSBRc10 (40.33 RVU) while the lowest was

for IR64 (13.33 RVU). IR64, IR74, and PSBRc14 also
increased in consistency values as the storage period
increased during the dry season. IR74 registered the
highest increase (75 RVU) while the lowest was for
PSBRc14 (4.33 RVU). A decrease in 9 RVU units was
noted for PSBRc10 after 90 days of storage.

 

Cooked rice texture

 

An increase in cooked rice hardness occurred within
15 days of storage for PSBRc10 and PSBRc14 both for
the wet and dry-season harvests, as shown in Tables 5
and 6. Changes in cooked rice texture occurred within
60 days of storage for IR74. The hardness of IR64
from the wet and dry-season harvests remained unaf-
fected all throughout the 90-day aging period.

The adhesiveness of cooked rice of varieties IR64
and PSBRc14 gradually increased as the storage
period reached 45 days and 60 days, respectively.
After these periods, however, the adhesiveness
gradually decreased up to the end of the 90-day storage
period. The adhesiveness of IR74 increased up to 75
days of storage, but significantly decreased at the end
of 90 days.

 

Table 6

 

. Effect of storage on the texture of cooked rice for different rice varieties harvested during the 1998 dry
season (hardness = 

 

×

 

 10

 

5

 

 dynes/cm

 

2

 

, adhesion = 

 

×

 

 10

 

3

 

 dynes/cm

 

2

 

).

Variety/Texture  Storage period (days)

IR64  0  15  30  45  60  75  90

 

Hardness  5.12 a  5.95 a  5.89 a  5.13 a  5.93 a  5.86 a  6.08 a

Adhesion  12.28 cd  10.79 d 17.81 bc  31.51 a  20.82 b  17.53 bc 15.57 bcd

 

IR74  0  15  30  45  60  75  90

 

Hardness  5.57 d  5.87 bcd  6.42 ab  5.72 cd  6.62 a  6.22 abc  6.40 ab

Adhesion  2.45 d  2.94 cd  3.19 cd  4.01 bc  4.54 ab  5.39 a  3.43 bcd

 

PSBRc10  0  15  30  45  60  75  90

 

Hardness  5.88 b  6.54 a  6.28 ab  6.42 ab  6.55 a  6.78 a  6.52 a

Adhesion  2.45 c  2.70 bc  3.43 ab  3.56 a  2.82 abc  3.56 a  2.70 bc

 

PSBRc14  0  15  30  45  60  75  90

 

Hardness  4.08 b  4.89 a  4.73 a  4.73 a  4.93 a  4.78 a  4.69 a

Adhesion  9.56 c  9.78 c 15.08 ab  18.09 a  16.40 a  15.47 ab 12.90 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).
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Conclusion/Recommendation

 

The results of this study show that slight changes to
some of the physico-chemical properties of rice occur
during storage. The storage period at which these
changes occur, however, varies between rice varieties.
It was previously reported by Perez and Juliano (1981)
that the minimum storage period for major changes to
occur in the hardness of cooked rice, gel consistency,
and amylograph viscosity was 3 months. In this exper-
iment, texture changes in cooked rice tended to be
greatest within 15–45 days of storage. Pasting charac-
teristics as measured by the Rapid Visco Analyzer
seemed to stabilise after 60 days of storage. Thus,
measurements of these characteristics should be
carried out on rice samples aged for at least 2 months

after harvest. Sun-drying may have contributed to the
rapid aging of the rough rice samples.
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Production Performance of Poultry Layers 
Consuming Aflatoxin-contaminated Feed

 

E.T. Begino*

 

Abstract

 

This study was conducted to relate quantitatively the aflatoxin residue found in table eggs, via feed
intake, of poultry layers fed with aflatoxin-contaminated feeds, with or without the addition of a
mycotoxin binder. The experimental animals were given feeds naturally contaminated with
aflatoxin B

 

1

 

 ranging from 20.27 to 167.96 parts per billion (ppb) for 7 weeks on a commercial farm
in the Philippines, during the post-peak period. Egg collection started at week 36 with egg
production at 82.69% for the control group and 70.13% for the treated group; and concluded at
week 43 with egg production performance at 71.53% and 62.28%, respectively. The group treated
with the mycotoxin binder produced eggs with aflatoxin B

 

1

 

 contamination at a level of 0.016–0.45
ppb, compared to 0.03–0.69 ppb for the control group. Aflatoxin M

 

1

 

 contamination for the treated
group ranged from 0.04–1.08 ppb while the control group registered 0.49–2.54 ppb. Comparison
of the overall production performance between groups proved favourable for the use of the
mycotoxin binder in layer feeds, with improvements in both egg production and egg quality—in
terms of aflatoxin M

 

1 

 

contamination.

I

 

N

 

 

 

THE

 

 Philippines, where the relative humidity is
high, deterioration of agricultural products through
increasing levels of aflatoxin can be anticipated. In
recent years, many countries have adopted legislation
aimed at not only improving the volume of animal
production, but also its hygienic quality with regard
to human health. Hamilton (1987) reported that high
levels of aflatoxin in the diets of laying hens led to
high mortality and a decrease in egg production,
which continued to decline even after aflatoxin was
removed from the diets (Hamilton and Garlich 1971).
Residues of aflatoxin B

 

1 

 

have been found in eggs
from layers fed with contaminated feed (e.g.
Jacobson and Wiseman 1974; Trucksess et al. 1977).
Egg production by hens exposed to aflatoxin declines
after the exposure but not during the time of feeding
with the aflatoxin-contaminated feed.

The use of improved feeds is the most important
step in increasing productivity and profitability in the
livestock industry (Cruz and Begino 1990; Alcasid

1993). Unfortunately, the present state of aflatoxin
prevention and control in feeds is still far from ideal,
particularly from a regulatory aspect in developing
countries, where effective management is needed to
reduce the problem, if not totally eliminate it. There is
a lack of thorough understanding and appreciation of
the problem among producers, traders, and consumers.
At the Bureau of Animal Industry, we (as a rule) have
adopted international standards for tolerable levels of
aflatoxin for processed feeds and feedstuffs in our
national grades and standards, even with commodity
exports and imports, but surveys have indicated a high
incidence of aflatoxin contamination (Begino et al.
1993; Begino 1996).

Compared to developing countries, there is a greater
appreciation in developed countries among the people
and their governments about food and feed contami-
nation issues and problems. There are many things that
can be done to help control and limit the effects of
mycotoxins in animals. To this end, this study investi-
gated the production performance of layer chickens
fed with aflatoxin-contaminated feed, and feed treated
with a mycotoxin binder commonly used in the
Philippines.

* Aflatoxin and Toxicology Laboratory, Bureau of Animal 
Industry, Department of Agriculture, Diliman, Quezon 
City, Philippines.
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Materials and Methods

 

3,120 Hy-line layers at the post-peak period were
used in the study. Before the start of the feeding trial,
samples of feeds and eggs were examined. The layers
were divided into 624 cages, with 5 birds in each
cage. Group A were treated with mycotoxin binder
(MycotoxR) at the rate of 500 g/t of feed. As a
control, group B was given feed naturally contami-
nated with 20.27–167.96 parts per billion (ppb)
aflatoxin B

 

1

 

. 308 cages were used for group A, and
316 cages for group B. Feed and clean water were
given ad libitum. All birds were reared under the
same management conditions with the trial running
for 4 weeks.

The aflatoxin content in the feed was determined
using the modified NRI phenyl bond-elut bi-direc-
tional high performance thin layer chromatography
(HPTLC) method (Coker et al. 1990; Bradburn et al.
1991). The aflatoxin content in the eggs was deter-
mined according to AOAC (1980) for clean-up and
quantification by HPTLC. Standards of aflatoxin M

 

1

 

and B

 

1

 

 were purchased from Sigma Chemicals.

 

Solvent extraction and column clean-up

 

The desired weight/aliquot of samples was
extracted with 70–80% acetone in a shaker for 45 min
and the extract was then filtered through a Whatman
No. 1 filter paper. Duplicate 5 mL portions of extract
were applied to a phenyl column in methanol/acetic
acid buffer using lead acetate for clean-up. The
aflatoxin absorbed on the column was eluted with an
appropriate volume of chloroform, and the elutes were

dried at 45% under a stream of nitrogen gas in a sample
concentrator.

 

Quantification using bi-directional high 
performance thin layer chromatography 
(HPTLC)

 

An activated aluminum HPTLC silica-coated plate
was used for spotting. To lessen the edging effect, a 2
mm band of silica was scraped off each edge of the
plate, parallel to the direction of development. Dry
aflatoxin film was dissolved in benzene:acetonitrile
(98:2) as a suitable solvent for spotting. After spotting,
the plate was inverted and developed using diethyl
ether for 5 min. The plate was dried and the lower
portion cut away, leaving 9 mm from the spot area,
then developed again in the normal way with chlo-
roform:xylene:acetone (6:3:l v/v/v) for 20 min. The
plate was then air-dried to avoid ghosting effects,
before running it again for another minute using the
same solvent so that the spots were well separated.
After drying, the plate was placed in an oven at 100°C
for 1 min. The plate was scanned by CAMAG TLC
scanner supported by appropriate software (Coker et
al. 1990; Begino et al. 1993). The aflatoxin level was
determined by the intensity of fluorescence of the
standard and sample spots.

 

Results and Discussion

 

Table 1 summarises the levels of aflatoxin content in
the feed, and residues of aflatoxins B

 

1 

 

and M

 

1 

 

in the
eggs of layers. Aflatoxin residues tend to decrease

Table 1.

 

 The levels of aflatoxins B

 

1

 

 and M

 

1

 

 (parts per billion; ppb) in eggs produced by layer chickens fed with
aflatoxin-contaminated feed. In the ‘treated’ group, the feed had mycotoxin binder added at the rate
of 500 g/t.

 

Level of feed 
contamination (ppb)

 

Mycotoxin B

 

1

 

Mycotoxin M

 

1

 

Treated Control Treated  Control

113.79 – – – 1.25

80.83 0.016 0.04 0.04 1.61

167.94 0.025 0.22 0.85 2.54

167.96 0.12 0.69 1.08 1.61

34.12 0.45 0.03 0.50 1.66

64.83 0.05 ND 0.47 0.78

20.27 0.02 0.08 ND 0.49

37.73 ND ND 0.76 1.02

Note: ND = not detected.
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with the inclusion of mycotoxin binder at the rate of
500 g/t of feed. Aflatoxin B

 

1

 

 is the most toxic and car-
cinogenic metabolite among aflatoxins. It is very
reactive because of the presence of the 

 

pi

 

 bond at the
2–3 position, which is converted to 2–3 epoxide,
which is a strong alkalating agent of deoxyribonu-
cleic acid (DNA). This alteration of DNA structure, if
not repaired, can lead to mispairing and then
mutation. It may be possible that the pi bond is
attacked by the phenolic group of oxyquinol, which is
an active ingredient of the mycotoxin binder, when
mixed in the diet, neutralising the toxin and allevi-
ating the toxic effect in general. The action of
oxyquinol is to bind the toxin, inhibiting interaction
of aflatoxin with the cellular constituents, thus pre-
venting entero-hepatic absorption, resulting in its
elimination from the body via biliary excretion and
further excretion directly through the faeces, urine,
milk and eggs. Another active ingredient of the
mytotoxin binder is di (chloro-4-thymol) sulfide 2
which acts as a powerful intestinal anti-fungal and
antiseptic agent which aids the mycotoxin binding
action of oxyquinol and as a final active ingredient,
the micronised brewer’s yeast in the binder success-
fully counteracts the adverse effects induced by fungi
and their toxins by restoring the integrity of the
hepatic cells and the balance of the intestinal flora.

Table 2 shows the production performance of
layers fed feed with or without the mycotoxin binder.
Group A, treated with the mycotoxin binder, started
with a production rate of 70.13% and ended with
62.28%, compared to control group B (no binder)

which started with a production rate of 82.69% and
ended with 71.53%. Over the 7-week observation
period, the levels of aflatoxins B

 

1

 

 and M

 

1

 

 in eggs from
laying hens fed with treated feed were, on average,
50% less than eggs from the control hens. Com-
parison of the overall performance between groups
proved favourable for the use of a mycotoxin binder
in the layers’ feed. Not only was the production per-
formance better, but so was the quality of the eggs in
terms of a reduction in aflatoxin residues. The rate of
incorporation, however, should be adapted to the
severity of the problem, depending on the production
stage, supply of raw materials, and the toxin levels.

 

Conclusion

 

The presence of aflatoxins in animal feeds is of
public health importance. The effect of ingestion by
animals of contaminated feed can vary from lowered
production efficiency to diseases, and even death. The
use of a mycotoxin binder in the diet of layer hens suc-
cessfully reduced aflatoxin contamination in their
eggs, as well improving their overall productivity.
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Table 2.

 

Production performance (%) of layers fed with aflatoxin-contaminated feed. In the ‘treated’ group, the
feed had mycotoxin binder added at the rate of 500 g/t.

 

Criteria Treated Control

Production at start of trial 70.13 82.69

Production at end of trial 62.28 71.53

Variance 7.85 11.16

Mortality 10.0 12.0

 

Production increase

 

a

 

(+) 6.11 (+) 2.51

Production drop

 

b

 

(–) 8.73 (–) 16.50

 

a

 

 Production increase refers to the highest value above production at the start of the trial attained by the group

 

b

 

 Production drop refers to the lowest value below production at the start of the trial attained by the group.
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Model Predicting the Shelf Life of Edible-coated, 
Minimally Processed Salak

 

S. Wuryani, I.W. Budiastra, A.M. Syarief and H.K. Purwadaria*

 

Abstract

 

This study aimed to assess a model for predicting the shelf life of edible-coated, minimally processed ‘Pondah’
salak, related to its respiration parameters and critical quality degradation.

A respiration model based on facilitated diffusion phenomena was proposed for predicting the respiration
rates as a function of internal oxygen. The model parameters, namely R

 

O2

 

 

 

max

 

 and K

 

1/2

 

, were found to be
exponential functions with respect to storage temperature. These parameters were later used in the model to
predict the shelf life of the edible-coated, minimally processed salak under atmospheric conditions.

The critical quality parameter of the edible-coated, minimally processed ‘Pondoh’ salak was hardness, and
the degradation rate followed the mixed effect model which was influenced by the steady state internal oxygen
and the storage temperature.

The model successfully predicted the shelf life of the edible-coated, minimally processed ‘Pondoh’ salak at
the level of 0.94 compared to the experimental data. The model can be implemented at the storage temperature
range of 5–27°C.

 

I

 

N

 

 

 

RECENT

 

 years, consumers worldwide have been
more health-conscious in their eating habits, but at the
same time have less time to prepare their meals. As a
result, the market demand is increasing for ‘ready-to-
eat’ fresh fruits and ‘ready-to-cook’ vegetables which
have been washed, skinned, cut and sliced into various
forms. Fruits and vegetables handled in this way are
said to be minimally processed or lightly processed,
and are produced without applying any preservation
treatment which could change the physical character-
istics of the products (Shewfelt 1987). Siriphanich
(1993) indicated the criteria for fruits to be minimally
processed, including the risk of otherwise obtaining
poor quality pulp, peeling difficulties, and the weight
reduction for transportation.

Salak is one of Indonesia’s original fruits. The fruit
has a round or triangle shape, composed of skin, edible
flesh and seed. The skin of salak is brown, brownish
black or yellow in colour and has small, unseen
needles. The edible part of salak is non-fibrous, has a
sweet taste and crispy texture, and is yellowish white

to brown in colour with 1–3 big fingers. Minimally
processed salak will be appreciated by consumers
since it is very tedious to peel the salak and the small
needles on the skin often hurt the consumers if they are
not careful.

Studies have been carried out to assess various
minimally processed (MP) fruits such as kiwifruit,
papaya, cantaloupe, pineapple, honeydew melon and
apples (O’Connor-Shaw et al. 1994; Cameron et al.
1995). The problem with MP fruits is that they deteri-
orate faster than the whole fruits under similar low
storage temperatures. One alternative to reduce the
rate of respiration in MP fruits is to cover the exposed
flesh with an edible-coating film. Edible coating is a
continuous film made out of edible materials and
applied to the food products by soaking or spraying.
The functions of edible coatings include: acting as a
barrier to the mass transfer of certain materials (e.g.
water vapour, oxygen, lipids, soluble materials); as a
carrier for food additives; facilitating food handling;
maintaining the cell structural integrity; and hindering
the losses of volatile compounds (Kester and Fennema
1986; Nisperos-Carriendo et al. 1990; Krochta 1992;
Gennadios et al. 1994). Edible coating has been
applied to sliced apples (Wong et al. 1994), and

* Department of Agricultural Engineering, Institut 
Pertanian Bogor, FATETA-IPB, PO Box 220, Bogor 
16002, Indonesia.
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tomatoes (Park et al. 1994). Baldwin et al. (1995)
found that edible-coated, sliced apples had a shelf life
of 3 days under normal atmospheric conditions.

The application of edible coating on MP ‘Pondoh’
salak and its characteristics have been assessed
(Setiasih et al. 1998; Setiasih 1999; Purwadaria and
Wuryani 1999; Wuryani et al. 1999). The researchers
have also developed the standard operational
procedure for the minimal processing and the edible
coating of ‘Pondoh’ salak. However, understanding
the respiration process needs further elaboration. The
objectives of this study were (1) to identify the respi-
ration parameters of the edible-coated, minimally
processed (ECMP) ‘Pondoh’ salak, (2) to develop a
respiration model, and (3) to observe the quality
changes of the ECMP ‘Pondoh’ salak under low tem-
perature storage conditions.

 

Theoretical Considerations

 

Explanations of the symbols used throughout this
paper are given in Table 1.

In general, the respiration process for fruits and veg-
etables can be expressed by the following reaction
equation (Kader 1989):

C

 

6

 

H

 

12

 

O

 

6

 

 + 6 O

 

2

 

 + 38 ADP + 38 Pi 

 

^ 

 

6 CO

 

2

 

 + 6 H

 

2

 

O
+ 38 ATP + 673 Cal (1)

Equation (1) indicates that the respiration rate could
be determined by the O

 

2

 

 uptake. If oxygen is the solute
in facilitated diffusion mass transfer phenomena
(Cussler 1987) from atmospheric to material through
edible coating, then O

 

2

 

 uptake as respiration rate can
be expressed as follows (Wuryani 1999):

where R

 

O2
max, T

 

 and K

 

1/2
T

 

 are respiration param-
eters whose values determined by linearising equation
(2) by using the Hanes–Woolf method (Shuler and
Kargi 1992).

Permeability to O

 

2

 

 per weight unit can be deter-
mined by the following equation (Cameron et al.
1995):

The effect of the temperature on the permeability of
edible coating to O

 

2

 

 can be approximated by the
Arrhenius equation as follows (Lastriyanto 1998):

The oxygen flux to fruit tissue through edible
coating can be expressed by this equation:

Assuming that there is no accumulation of O

 

2

 

, O

 

2

 

diffusion to the fruit tissue will be equal to O

 

2

 

 uptake
at a specific time, so that Equation (5) will be equal to
Equation (2). At this time, (O

 

2

 

)

 

int

 

T can be determined
by  Equation 6 (at bottom of page)

The quality degradation during storage can be
described as the rate of kinetic reaction inside the fruit
during storage (Man and Jones 1994) and expressed as

Assuming that n = 1 for salak when edible coating,
Equation (7) could be expressed as linear equation

The quality degradation constant, k, is dependent on
the (O

 

2

 

)

 

int

 

 involved respiration parameters as
expressed in Equation (6) as well as the storage tem-
perature. The relationship between these parameters is
modelled in the following equation:

ln k = a + b ln (O

 

2

 

)

 

int

 

 – E/RT (9)
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Table 1

 

. Explanation of symbols used in this paper.

Symbols Explanations

 

a, b Constants

A Surface area of barrier, m

 

2

 

ß

 

O2
T

 

Total permeability of barrier to O2 per kg of product at temperature T, mol.kPa/kg.s

dO

 

2

 

/dt Oxygen concentration gradient, %/h

Quality gradient

E Activation energy, J/mol

JO

 

2

 

Oxygen flux to fruit tissue, g.mol/cm

 

2

 

.s

k Constant of quality degradation, days

k

 

hd
T

 

Hardness degradation rate at temperature T

K

 

1/2

 

Internal O

 

2

 

 partial pressure at the half level of R

 

O2
max

 

, kPa

l Film thickness, m

O

 

2

 

 uptake

 

T

 

Rate of oxygen consumption at temperature T, mol/s/kg

(O

 

2

 

)

 

int

 

Steady state partial pressure of internal O

 

2

 

, kPa

(O

 

2

 

)

 

int
T

 

Steady state partial pressure of O

 

2

 

 inside the packaging at temperature T, kPa

(O

 

2

 

)

 

ext

 

Steady state partial pressure of O

 

2

 

 outside the packaging, kPa

Pm O

 

2
T

 

Permeability of edible coating to O

 

2

 

, at temperature T, nmol.m/m

 

2

 

.kPa.s

Q Quality index

Qo Initial critical quality

Qt Limit of the shelf life of the fruit

R Gas constants, J/mol.K

R

 

O2
max, T

 

Maximum rate of O

 

2

 

 uptake, mol/kg/s at temperature T

T Storage temperature, °C

ts Shelf life, days

V Void volume inside the packaging, m3

Vb Chamber volume, L

W Weight of fruit samples, kg

  

dQ

dt
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Substituting equation (9) with equation (7), the shelf
life of ‘Pondoh’ salak, ts, under edible coating could
be predicted by the equation:

where Qo is the initial critical quality of the fruit and
Qt is the limit of the shelf life of the fruit.

 

Research Methods

 

‘Pondoh’ salak from a farmer’s orchard in Sleman
Regency, Yogyakarta, was harvested at commercial
maturity (150 days after fruiting). The essential
chemicals used for the edible coating film were soy
protein isolate, low methoxy pectin, alginate acid,
sodium alginate, glycerol 87%, beeswax, lauric acid,
and stearic acid.

An experiment to measure the internal gas inside the
ECMP fruits, in this case the oxygen, was set up as
illustrated in Figure 1. The procedure used a 5 L des-
iccator filled to 90% capacity with distilled water and
de-aerated. The ECMP sample was placed under an
inverted glass funnel and the apparatus then was
closed. A vacuum pressure of 550 mm Hg was applied
for 3 min. The gas bubbling out of the sample was
collected at the top of the funnel, and analysed using a
Varian Gas Chromatograph equipped with a thermal
conductivity detector to determine the percentage of
internal oxygen, abbreviated to (O

 

2

 

)

 

int

 

. The experi-
ments were repeated three times.

To determine the relationship of (O

 

2

 

)

 

int

 

 (kPa) with
the respiration rate (the O

 

2

 

 uptake), fruit samples
about 195 g were put inside a chamber under similar
storage temperatures with the internal oxygen
measured every hour. The O

 

2

 

 uptake was calculated
using the following formula (Nugroho 1995):

These experiments were also repeated three times.
The critical quality changes of the ECMP ‘Pondoh’

salak were determined based on organoleptic score.
An organoleptic score below 3.5 was used to indicate
the limit of consumer acceptance, thus the parameter
which first acquired a score of 3.5 was deemed to be
the critical quality parameter. Hardness was deter-
mined by the Bourne method (Bourne 1982).

 

Results and Discussion

 

The development of (O

 

2

 

)

 

int

 

 and O

 

2

 

 uptake for the
ECMP ‘Pondoh’ salak under various storage tempera-
tures is illustrated in Figure 2. The results indicate that
the (O

 

2

 

)

 

int

 

 in the fruit tissue was retained more at the
lower temperature—the amount of oxygen used was
lower due to the lower respiration activity, thus a
smaller O

 

2

 

 uptake.
The characteristics of the respiration rate were

further represented as the R

 

O2
max

 

 to the maximum O

 

2

 

uptake, and the K

 

1/2

 

—meaning the internal oxygen
pressure as half R

 

O2
max

 

. Figure 3 shows the function
of both R

 

O2
max

 

 and K

 

1/2

 

 over storage temperature for
‘Pondoh’ salak. It shows that the relationships
between R

 

O2
max

 

, K

 

1/2

 

 and temperature are expo-
nential. This result agrees with that found by Cameron
et al. (1994) and the Rusmono model (Rusmono et al.
1998). The function can be expressed as follows:

Table 2 presents the results of organoleptic tests for
ECMP ‘Pondoh’ salak stored at 5°C. The critical
quality parameters for ECMP ‘Pondoh’ salak were
determined to be colour and hardness, since these
parameters were the first to achieve an organoleptic
score below 3.5. Since the rate of quality degradation
for hardness was higher than for colour, the critical
quality for ECMP ‘Pondoh’ salak was hardness
(Wuryani 1999) and the shelf life of ECMP ‘Pondoh’
salak was determined based on hardness.

The equation for describing hardness quality degra-
dation is:

The model for predicting shelf life of ECMP
‘Pondoh’ salak can be expressed as follows:

ts
Qo Qt

Exp a b O E RT
=

Y

+ ( ) Y{ }
ln ln

ln /
int2

(10)

O uptake

dO

dt
Vb
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2
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Ù Ù

Ù
á

â
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ã
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ò Ù Ù

Y

.
.
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2
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. . , .= ( ) =
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1. Fruit sample
2. Inverted funnel
3. Distilled water

4. Extracted internal gas
5. Sampling port
6. Manometer

7. Valve
8. Plastic tube
9. Vacuum pump

 

Storage time (days)

1 2 3 4 5 6
1750

O
2 

in
te

rn
al

 (
kP

a)

O
2 

up
ta

ke
 (

nm
ol

/k
g/

s)

5

10

15

7 8

375

275
O2 internal
O2 uptake

475
D

Storage time (days)

1 2 3 4 5 6
1300

O
2 

in
te

rn
al

 (
kP

a)

O
2 

up
ta

ke
 (

nm
ol

/k
g/

s)

5

10

15

7 8

330

230

O2 internal
O2 uptake

180

280

C

Storage time (days)

1 2 3 4 5 6
1500

O
2 

in
te

rn
al

 (
kP

a)

O
2 

up
ta

ke
 (

nm
ol

/k
g/

s)

5

10

15

7 8

250

200
O2 internal
O2 uptake

300
B

Storage time (days)

1 2 3 4 5 6
1500

O
2 

in
te

rn
al

 (
kP

a)

O
2 

up
ta

ke
 (

nm
ol

/k
g/

s)

5

10

15

7 8

250

200

O2 internal
O2 uptake

A

T = 25°C        

T = 10°C                T = 5°C                 

T = 15°C            

 

Figure 1.

 

Experimental set-up for internal gas measurement.

 

Figure 2.

 

Internal oxygen and oxygen uptake changes of edible-coated, minimally processed ‘Pondoh’ salak under
various storage temperatures: 5°C (A); 10°C (B); 15°C (C); and 20°C (D).
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Table 2

 

. Results of organoleptic tests for edible-coated, minimally processed (ECMP) ‘Pondoh’ salak stored at 5°C.

 

Day Score of quality parameters Score of 

 

total 
acceptance

 

Colour Aroma Hardness Taste

 

0 4.95 4.92 4.95 4.99 4.95

1 4.8 4.76 4.71 4.86 4.68

2 4.66 4.45 4.51 4.8 4.51

3 4.45 4.32 4.33 4.66 4.14

4 4.12 4.05 4.14 4.59 3.98

5 3.98 3.86 3.80 4.45 3.71

6 3.73 3.75 3.71 4.32 3.66

7

 

3.35

 

3.57

 

3.49

 

4.05 3.51

8 3.22 3.51 3.29 3.68

 

3.33

 

9 2.90

 

3.14

 

2.79

 

3.29 3.03

Note: scores in bold are under the acceptable limit.

Figure 3. The effect of temperature on (A) RO2
max and (B) K1/2 for edible-coated, minimally processed ‘Pondoh’

salak.

2.0

2.2

2.4

2.6

2.8

3.0

Storage time (days)
 0 2 4  6 8  9

H
ar

dn
es

s 
(k

g/
cm

2 )

experimental
simulation

1 3 5 7 2.0

2.2

2.4

2.6

2.8

3.0

Experimental hardness (kg/cm2)
 2.0 2.2 2.4  2.6 2.8  3.0

S
im

ul
at

ed
 h

ar
dn

es
s 

(k
g/

cm
2 )

reference line

R2 = 0.9478
CV = 2.3387
d = –0.2807

Figure 4. Change in hardness over time predicted by
the model compared with the experimental
results.

Figure 5. The results of validation of the model.
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Figure 4 shows the change in hardness predicted by
the model compared to experimental results at the
storage temperature of 5°C. The predicted values
closely agree with the experimental values.

Figure 5 show the results of validation of the model.
The low coefficient of variation, the high correlation
coefficient, and small bias indicate that hardness
predicted by model is not significantly different to that
experimentally determined. Thus, the model could be
used to predict the shelf life of ECMP ‘Pondoh’ salak
stored at temperatures of 5–27°C and atmospheric
conditions.

Conclusions and Recommendations

1. The maximum O2 uptake and steady state
partial pressure of internal O2 (K1/2) for ECMP
‘Pondoh’ salak had exponential relationships
to storage temperature, and could be expressed
as shown in Equations 12 and 13.

2. The critical quality for ECMP ‘Pondoh’ salak
was hardness and the degradation followed the
mixed effect model which was influenced by
steady state internal O2 and storage temper-
ature as expressed by the following equations:

3. The model to predict shelf life of ECMP
‘Pondoh’ salak was developed and validated,
that is:

4. The model successfully predicted the shelf life
of ECMP ‘Pondoh’ salak at a level of 0.94
compared to experimental data. The model can
be implemented at the storage temperature
range of 5–27°C.
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Conservation of Rambutan and Longan in 
Polyethylene Bags

 

Do Minh Hien, Thai Thi Hoa and Pham Hoang Lam*

 

Abstract

 

A major problem of postharvest handling of rambutan and longan is that their skin colour browns within 2 days
of harvest because of water loss. The use of plastic films enables an environment of high humidity to be created,
resulting in a near-saturated package atmosphere. Polyethylene bags were used to maintain rambutan and
longan fruits in combination with low temperature. Fruits harvested in Tiengiang Province were sent to the
laboratory for sorting, cleaning and bagging in polyethylene bags. Bagged fruits were stored at 8°C. Good
quality of rambutan and longan could be maintained for 2 and 4 weeks after harvest, respectively, without any
skin colour changes. In addition, using polyethylene bags reduced weight losses during storage.

 

L

 

ONGAN

 

 

 

AND

 

 

 

RAMBUTAN

 

 are two crops popularly
grown in the Mekong River Delta and the south-
eastern region of Vietnam. In 1998, longan crops
covered nearly 30,000 ha and rambutan over 8,000 ha,
with production of about 344,000 t and 158,000 t/year,
respectively. The area under cultivation of these crops
is expanding every year. However, harvested longan
and rambutan fruits have short shelf lives and the fruit
rind turns brown within 2–3 days after harvest because
of water loss. This problem results in a limited market
for the crops, reduced income for the growers, and
increases postharvest losses.

Reducing water loss from the fruit skin allows fruit
freshness to be maintained. A simple and low-cost
measure is to use polyethylene bags to create a high-
humidity atmosphere around the fruits. This paper
reports some experiments carried out on longan and
rambutan.

 

Materials and Methods

 

Longan

 

Longan fruit (‘Tieu’ longan) at the fully mature
stage were harvested from trees grown in Tiengiang
Province and sent to the laboratory on the same day.

Harvested fruit were trimmed, then sorted to obtain
uniform fruit. Selected fruit were washed with tap
water and dried using an electric fan. The fruit were
divided into two groups—the first group was packed
in polyethylene bags (4 µm thickness), and the second
was not packed (control). Each group was further
divided into two subgroups, one of which was treated
with benomyl at a concentration of 500 parts per
million (ppm) while the other was not treated. Each
subgroup was again divided into two parts—one
stored at ambient temperature, and one was stored at
8°C.

Fruit were checked during storage and rated
according to: weight loss, eating quality (on a hedonic
scale of 1–9), total soluble solids (by refractometer),
and fruit rot ratio.

 

Rambutan

 

Fruit (‘Java’ rambutan) were harvested when the
fruit rind reached red in colour. Treatments and exper-
iments were carried out similarly to those described
for longan.

* Southern Fruit Research Institute (SOFRI), Box 203 
My Tho, Tiengiang, Vietnam.
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Figure 1.

 

Effect of polyethylene bagging on
weight loss, eating quality rating (on a
scale of 1–9), total soluble solids
(TTS), and fruit rot ratio of ‘Tieu’
longan after storage for 7 days at
ambient temperature.

 

Figure 2.

 

Effect of polyethylene bagging in
combination with a 500 ppm benomyl
treatment on weight loss, eating quality
rating (on a scale of 1–9), total soluble
solids (TTS), and fruit rot ratio of
‘Tieu’ temperature.
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Figure 3.

 

Effect of polyethylene bagging on
weight loss, eating quality rating (on a
scale of 1–9), total soluble solids
(TTS), and fruit rot ratio of ‘Tieu’
longan after storage for 28 days at 8°C.

 

Figure 4.

 

 Effect of polyethylene bagging in
combination with a 500 ppm benomyl
treatment on weight loss, eating quality
rating (on a scale of 1–9), total soluble
solids (TTS), and fruit rot ratio of
‘Tieu’ longan after storage for 28 days
at 8°C.
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Figure 5.

 

Effect of polyethylene bagging on
weight loss, eating quality rating (on a
scale of 1–9), total soluble solids
(TTS), and fruit rot ratio of ‘Java’
rambutan after storage for 5 days at
ambient temperature.

 

Figure 6.

 

Effect of polyethylene bagging in
combination with a 500 ppm benomyl
treatment on weight loss, eating quality
rating (on a scale of 1–9), total soluble
solids (TTS), and fruit rot ratio of
‘Java’ rambutan after storage for 5 days
at ambient temperature.

 

Figure 7.

 

Effect of polyethylene bagging on
weight loss, eating quality rating (on a
scale of 1–9), total soluble solids
(TTS), and fruit rot ratio of ‘Java’
rambutan after storage for 14 days at
8°C. 

 

a

 

 NS = data not shown.

 

Figure 8.

 

Effect of polyethylene bagging in
combination with a 500 ppm benomyl
treatment on weight loss, eating quality
rating (on a scale of 1–9), total soluble
solids (TTS), and fruit rot ratio of
‘Java’ rambutan after storage for 14
days at 8°C. 

 

a

 

 NS = data not shown. 
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Results and Discussion

 

Polyethylene bagging of longan fruit increased the
relative humidity around the fruit to nearly 90%
compared to the atmosphere outside the bags
(60–70%), therefore preventing evaporation of water
on the fruit skin to the air. This markedly reduced
weight loss during storage, maintained the original
light colour of the fruit, and the eating quality of
bagged fruit was significantly better than fruit that
were not bagged in all experiments (Figure 1).
However, bagged fruit stored at ambient temperature
had a higher percentage of decay than control fruit,
even when were treated with benomyl, because
pathogens developed rapidly under high humidity and
temperature conditions (Figure 2). Thus, at room tem-
perature, polyethylene bagging could only keep fruit
in good condition for up to 7 days.

When the storage temperature was lowered to 8°C
fungal development was prevented, as shown by the
low percentage of decayed fruit. The storage life of
fruit could be prolonged to 4 weeks (Figure 3).
Benomyl treatments effectively reduce fruit rot, espe-
cially in combination with polyethylene bagging and
low temperature (Figure 4).

The storage life of rambutan fruit was shorter than
longan. External and internal quality could be main-
tained for 5 days after harvest in polyethylene bags at
room temperature, compared to the control which
could not be stored for more than 2 days (Figures 5 and
6). Bagging rambutan fruit in combination with
benomyl treatment and storage at 8°C extended the
shelf life of fruit in good condition for up to 2 weeks,
with rind colour retaining its original red colour
(Figures 7 and 8). Fruit that were not packed in poly-
ethylene bags and stored at 8°C risked chilling injury
at the end of storage. Polyethylene bagging signifi-
cantly reduced significantly weight loss; this was
shown in all treatments.

 

Conclusion

 

• Bagging ‘Tieu’ longan fruits after harvest could
maintain quality for 7 days at ambient temperature
(28–32°C) and 4 weeks at 8°C.

• ‘Java’ rambutan fruit bagged in polyethylene bags
retained good appearance and eating quality for 5
days at room temperature and up to 2 weeks at 8°C
after harvest.
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Harvesting Maturity of ‘Long’ and ‘Tieu’ Longan in 
the Mekong Delta, Vietnam

 

Do Minh Hien and Thai Thi Hoa*

 

Abstract

 

As ‘Long’ and ‘Tieu’ longans become more popular and production of these cultivars increases, it is
increasingly important to define the optimum stage for harvesting the fruit. This study investigated the changes
in some of the physico-chemical characteristics of the fruit which could be used a maturity indices. To obtain
the best quality and yield, ‘Long’ and ‘Tieu’ longans in the Mekong Delta should be harvested at 11

 

th

 

 and 14

 

th

 

week after fruit set, respectively.

 

I

 

N

 

 the Mekong River Delta, ‘Long’ and ‘Tieu’ longan
cultivars are becoming popular and there is increasing
potential in their production . These two cultivars have
been planted in quite a large area and production has
reached 344,000 t/year in the region. Although the
fruits are small and the seeds are rather big, they has
good sensory qualities and trees give high yields.
However, the guides for maturity of these cultivars
have yet to be determined. It is therefore necessary to
define the right time for harvesting to obtain the best
quality fruit. This investigation aimed at observing the
changes in some physico-chemical characteristics of
‘Long’ and ‘Tieu’ longan from which the indices of
maturity could be developed.

 

Materials and Methods

 

About 100 clusters of longan inflorescences of each
cultivar were tagged at the fruit setting stage. Samples
were taken from three trees at an orchard in Tiengiang
Province. Fruit set was defined as the time at which the
fruit were initially formed and fruit size varied from
1–2 mm in diameter.

Fruit were initially harvested from approximately
the 9

 

th

 

 week (‘Long’) or 12

 

th

 

 week (‘Tieu’) after fruit
set, when they had marked changes in appearances and
odour. They were than harvested at weekly intervals
until marketing quality was unacceptable. Harvested

fruit were sent to the laboratory for analysis on the day
they were harvested.

On arrival at the laboratory, 50 fruit harvested at
each stage of fruit development were observed for
external and internal appearance. The physical charac-
teristics determined were fruit diameter, fruit weight,
rind weight, flesh weight and seed weight. Chemical
analyses were carried out on the same fruit. The fruit
were analysed for total soluble solids (TSS) using a
Scale Atago Refractometer.

A simple sensory evaluation was also conducted on
fruit at particular stages of maturity. The fruit were
rated on their acceptability.

 

Results and Discussion

 

For the ‘Long’ cultivar, in the 9

 

th

 

 week after fruit set,
fruit ripening was indicated by changes such as: odour
became apparent; skin colour changed from green to
ivory–white; fruit diameter increased rapidly; and
flesh became sweet and juicy. After the 9

 

th

 

 week, TSS,
fruit weight and fruit diameter continued to increase
(Figure 1). Increase in fruit weight was mainly due to
an increasing flesh ratio (edible), while the proportion
of fruit weight belonging to the seed no longer
increased, and that of the rind decreased (Figure 2). In
the 13

 

th

 

 week after fruit set, both the TSS and fruit
weight kept increasing, however the fruit were
overripe, fruit flesh became soft and watery, skin
colour changed to brown, and the skin surface was
easily attacked by fungus (Table 1).

* Southern Fruit Research Institute (SOFRI), Box 203 My 
Tho, Tiengiang, Vietnam.
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For the ‘Tieu’ cultivar, fruit ripening took place
later compared to the ‘Long’ cultivar. At the 12

 

th

 

 week
after fruit set, external and internal characteristics
changes as shown in Figures 3 and 4, and Table 2.
Table 2 also shows that the fruit odour of ‘Tieu’ longan

was not stronger than that of ‘Long’ longan. After the
15

 

th

 

 week, many small black spots appeared on the
fruit rind which developed a darker colour due to
fungal activity.
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Figure 1. Changes in total soluble solids (TSS), fruit
weight, and fruit diameter in ‘Long’ longan
after fruit set.

Figure 2. Comparative development of the fruit flesh,
rind and seed in ‘Long’ longan after fruit set.

Table 1.  Sensory evaluation of fruit quality (‘Long’ cultivar).

Harvesting stage (weeks after 
fruit set)

Rind colour Fruit odour

9 Light green Odour becomes apparent

9.5 Green with ivory Very light odour

10 Ivory–white Light odour

10.5 Ivory–yellow Specific flavour

11 Light yellow Strong flavour

12 Light yellow with spots Declining slightly in flavour

13 Dark yellow Weak odour

Week after fruit set
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Figure 3. Changes in total soluble solids (TSS), fruit
weight, and fruit diameter in ‘Tieu’ longan
after fruit set.

Figure 4. Comparative development of the fruit flesh,
rind and seed in ‘Tieu’ longan after fruit set.
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Conclusion

 

Longan fruit of ‘Long’ and ‘Tieu’ cultivars should
be harvested in week 11 and 14 after fruit set, respec-

tively, for obtaining good quality in appearance,
flavour and weight without a decrease in yield.

Table 2.  Sensory evaluation of fruit quality (‘Tieu’ cultivar).

Harvesting stage (weeks after 
fruit set)

Rind colour Fruit odour

12 Dark green Odour can be detected

12.5 80% green, 20% yellow Very light odour

13 60% green, 40% yellow Light odour

13.5 40% green, 60% yellow Light odour

14 100% yellow Sweet smelling

15 Yellow with small black spots appearing Light odour

16 Dark yellow spots Light odour
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Enhancing Philippine Horticultural Postharvest 
Research, Development and Technology Transfer 

through Networking, Demonstration and
Thesis Support Grants

 

R.P. Estigoy and A.E. Badua*

 

Abstract

 

The Republic of the Philippines is an archipelago of 7,100 islands. Being an archipelago has many
disadvantages in the conduct of research, development and technology transfer projects. Problems associated
with this include: overlapping and duplication of research and development (R&D) agenda; uncoordinated
implementation of R&D; and unsystematic, fragmented technology transfer projects.

The Bureau of Postharvest Research and Extension (BPRE; formerly NAPHIRE) under the Philippines’
Department of Agriculture devised strategies to cope with these above-said problems. A generally unified
postharvest R&D agenda has been mapped out through the creation of the Philippine Postharvest R&D
network, composed of 22 agencies.

Similarly, the transfer of research based-designs, technologies and information is facilitated through the
Technology Demonstration Project. This project aims to systematically disseminate research results in
postharvest horticulture and processing to the stakeholders through training, information campaigns and
demonstration activities at the Technology Demonstration Centers (TDCs). The Centers have become a venue
for hands-on learning opportunities in the latest postharvest technologies among smallholder entrepreneurs
before undertaking ventures related to postharvest business. Seven TDCs have been established in different
island groups to cover commodities such as potato, mango, squash, carrot and some nuts which are considered
high value crops. The TDCs have bridged the gap between business and research.

Another mechanism to speed up the R&D process is the provision of thesis support grants to students who
are involved in postharvest research as a requirement for graduation in agricultural colleges and universities.
Thesis support grants have already assisted 52 students enrolled in Bachelor of Science, Master of Science and
Doctor of Philosophy from 1992–1998. Horticultural crops covered by the research projects include carrot,
lemon, banana, papaya, mango, potato, cabbage, onion, and rose. These research results are a take-off point for
further generation and development of postharvest technologies.

With these strategies, it is expected that scarce R&D resources are judiciously and efficiently used as a result
of coordinated, unified and systematic R&D and technology transfer programs.

 

Rationale

 

T

 

HE

 

 postharvest sector forms a vital link between the
production and eventual use of food. Because of this,
efforts are being focused on postharvest research and
development (R&D). The Philippines, being an archi-

pelago, faces many disadvantages in the conduct of
R&D and technology transfer. Added to this, several
institutions and agencies are involved in the conduct of
postharvest R&D which has resulted in overlapping
and duplication of R&D efforts as these efforts have
not been coordinated. This has resulted in wasteful and
inefficient use of scarce resources. It has also
promoted inefficient strategies for addressing the
various ills of the postharvest sector. When research
results are disseminated to end users the same

* Training and Extension Department, Bureau of 
Postharvest Research and Extension, CLSU Compound, 
Muñoz, Nueva Ecija, Philippines.
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problems arise. Extension strategies are fragmented
and unsystematic, and this negates the gains of R&D.

The Bureau of Postharvest Research and Extension
(BPRE) is mandated to spearhead the generation,
application and extension of appropriate postharvest
technologies for agricultural crops and other food and
feed commodities. Its aim is to minimise quantitative
and qualitative food losses in the production–postpro-
duction chain.

To realise its mandate, it needs to devise schemes to
address the above-mentioned problems. As such, the
Bureau created the Philippine Postharvest Research
and Development Collaborative Network (PhNet),
and implemented the technology demonstration
project and thesis support grants. This paper discusses
the features of each strategy.

 

The Philippine Postharvest Research 
and Development Collaborative 

Network (PhNet)

 

Started in 1996, PhNet aims to institute a network that
can address the various postharvest problems and
thereby fast-track technology development and dis-
semination. PhNet formulates and evaluates strategies
and plans to effectively implement and carry out the
programs, projects and activities on postharvest
handling and processing of strategic commercial
crops.

 

Organisation and management

 

A management committee (MANCOM) provides
the framework and formulates the policies, thrusts and
strategies of PhNet.

The Commodity Co-ordinating Committee formu-
lates R&D plans for commodity concerns, evaluates
and recommends, monitors R&D activities on perish-
ables, durables, industrial and root crops. A secretariat
based at BPRE was also created to backstop these
committees.

 

Terms of collaboration

 

A separate memorandum of agreement (MOA)
defines the specific terms of collaboration which
include: the approval and effectiveness of the project;
the manner and release of finances, obligation,
appointments, cooperation, ownership; and utilisation
of inventions, discoveries and improvements. In
general, discoveries, technologies and information,

invention, and improvements that generated from
R&D are jointly owned by the collaborator and BPRE.

 

Status of PhNet activities

 

The commodity coordinating committees have
prepared their program frameworks on perishables,
durables, industrial crops and root crops. PhNet took
two years to prepare the program frameworks and
project proposals are yet to be implemented.

 

Benefits of networking

 

Member agencies, specifically state college and uni-
versities, are equipped with R&D facilities and have
ongoing R&D work on postharvest topics. Likewise,
there are existing experts on postharvest R&D
covering a wide gamut of disciplines. Added to this,
almost all R&D agencies have existing extension
programs and facilities.

 

Research and development agencies

 

1. Bureau of Postharvest Research and Extension

2. Philippine Council for Agriculture Forestry
and Natural Resources Research and Training
Centre

3. Central Luzon State University

4. Benguet State University

5. Camarines Sur State Agricultural College

6. Western Luzon Agricultural College

7. Mariano Marcos State University

8. University of the Philippines at Los Baños

9. Philippine Rootcrops Research and Training
Centre

10. Central Mindanao University

11. Visayas State College of Agriculture

12. Isabela State University

13. Northern Philippines Rootcrops Research and
Training Centre

14. University of Southeastern Philippines

15. Tarlac College of Agriculture

16. Don Severino Agricultural College

17. Fiber Industry Development Authority

18. Bureau of Agricultural Research

19. University of Southern Mindanao

20. Bureau of Plant Industry

21. State Polytechnic College of Palawan

22. Bicol University
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Future project

 

A journal of R&D results in postharvest is targeted
to be published to consolidate information for easy
access and dissemination.

 

Establishment of Postharvest 
Demonstration Centres for High 

Value Crops

 

These centres were established because of the huge
postharvest losses (40–50%) of high value crops.
Fruits and vegetables require efficient postharvest
handling to reduce these losses. The centres provide a
support system to showcase existing technologies in
postharvest handling and processing of high value
crops.

The centres serve as venues for technology transfer
using micro, small-scale and village-level postharvest
and processing equipment. They serve as an indispen-
sable primary step towards encouraging and preparing
smallholder-entrepreneurs (SHEs) to engage in post-
harvest and processing activities. Would-be investors
can gain exposure and expertise on value-adding
activities of horticultural produce. Consequently,
these SHEs become more confident to engage in micro
or small-scale enterprise related to postharvest or
processing of high value crops.

 

Objectives of the project

 

The overall objective of the project is to promote the
commercial use of improved postharvest processing
technologies, facilities and equipment of selected
commercial crops in order to increase income derived
from value-added processing operations and reduce
postharvest losses.

Specifically, the project aims to:

1. Accelerate the utilisation of postharvest and
processing technologies for high value crops
among various stakeholders, especially small-
holder-entrepreneurs.

2. Encourage the participation of various stake-
holders, especially smallholder-entrepreneurs,
in the postharvest and processing operations of
high value crops.

3. Provide equitable access and opportunities to
various stakeholders, especially smallholder-
entrepreneurs to communication systems, and
training, technical and support services.

4. Provide an opportunity for the local gov-
ernment units (LGUs) to generate additional
income through the provision of custom
servicing and/or rental of the Technology
Demonstration Center (TDC) equipment/facil-
ities to their interested constituents.

5. Document the processes and effects of tech-
nology utilisation in the local community.

6. Provide an opportunity for developed post-
harvest technology to be demonstrated for
possible commercial utilisation.

7. The TDC serves as ‘one-stop-information-
shop’ for stakeholders involved in the com-
modity.

 

Project description

 

The Technology Demonstration Center (TDC)
Project for High Value Crops (Postharvest) showcases
more efficient and effective technologies that already
exist but which have not been sufficiently promoted
and/or others that have been recently developed by
research on postharvest handling and processing of
commercial crops. This includes the postharvest and
commercial processing of white potato, cashew,
mango, squash, carrot, pili nut and other crops. A total
of seven TDCs have been established nationwide.
Commercial-scale models of different postharvest
handling and processing facilities/equipment of high
value commercial crops are installed to provide first-
hand familiarisation for farmers on such technologies
and processes.

Generally the TDCs’ main function is to serve as
hands-on laboratories for the training of smallholder-
entrepreneurs, such as farmers, housewives, busi-
nessmen, processors, and other parties interested in the
processing of their produce. General and specialised
training courses on postharvest technology and
processing are conducted in the centres. TDCs
function as channels for the spread of new livelihood
opportunities for farm households and develop inter-
action among farmers and government officials. They
also serve as ‘one-stop-information-shops’ for the
commodity concerned. Farmer-growers, entrepre-
neurs and other stakeholders who need training and
information can avail themselves of these services.

In addition, The TDC is envisioned to be operated
by the local government unit (LGU). Thus, during the
times that these facilities are not used for training, the
LGU can operate the TDC to provide custom services
on postharvest and processing to its various clients.
Furthermore, the LGU can rent/lease the facilities to
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interested users for certain period to further maximise
its benefits. The LGU staff members who are assigned
in the TDC have been intensively trained by BPRE in
collaboration with state colleges and universities and
other allied research agencies on the rudiments of the
actual operation and management of the TDC. The
LGU staff provide the necessary skills and expertise
for successfully operating the TDC as a service
enterprise.

Research activities are be integrated at the TDC to
document technology adoption. This will provide feed
forward and feedback mechanisms and guide direc-
tions for further research and development activities.

Specifically, it will determine the correlates—factors
associated with the adoption and commercialisation of
these technologies. This will generate empirical data
regarding correlates of adoption and commercial utili-
sation. Similarly, it will find out the eventual effects of
adoption on the technological, socioeconomic and
institutional sectors of end users and their
communities.

 

Project implementation

 

Tables 1, 2 and 3 provide details of the Technology
Demonstration Centers established to date.

 

Table 1

 

. Locations, target commodities, postharvest/processing technologies and facilities at the Technology
Demonstration Centers established to date.

Location Commodity Existing postharvest/ 
processing technologies

Facilities installed

 

La Trinidad, Benguet Potato and carrot Potato postharvest care and 
handling

Multi-crop dryer
Slicer

Muñoz, Science City Mango Mango postharvest care and 
handling

Hot water tank
Multi-purpose dryer
Slicer

Gubat Sorsogon

 

a

 

Pili

Roxas, Palawan Cashew and mango Cashew and mango 
postharvest care and 
handling

Cashew nut sheller
Hot water tank
Multi-purpose dryer
Slicer

Jordan, Guimaras Mango and cashew Cashew and mango 
postharvest care and 
handling

Cashew nut sheller
Hot water tank
Multi-purpose dryer
Slicer

Malaybalay, Bukidnon Potato and squash Potato postharvest care and 
handling

Roller cutter
Multi-purpose dryer
Slicer

Digos, Davao del Sur Mango and potato Mango and potato 
postharvest care and 
handling

Multi-purpose dryer
Hot water tank
Slicer

 

a

 

 Newly established centre

 

Table 2.

 

  Activities conducted at the Technology Demonstration Centers (1998–1999).

Location Training and demonstrations Information campaigns (IC) Research

Number of 
sessions

No. of 
participants

Number of 
sessions

No. of 
participants

Number of 
projects

 

La Trinidad, Benguet 6 170 8 321 –

Muñoz, Science City 4 180 7 145 –

Gubat Sorsogon

 

a

 

5 179 2 35 –

 

a

 

Newly established centre
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Thesis and Dissertation Support 
Project

Background and rationale

 

Government agencies involved in R&D often
practice applied research. Conduct of basic research is
usually within the confines of the academic
community.

Basic research is the building block of technology
generation and application. Hence, it is important that
in any conduct of action-oriented and problem-
focused R&D, basic research be a requisite.

With this in mind, the BPRE devised a linking
mechanism with state colleges and universities. BPRE
through its University Training and Extension
Program on Postharvest grants thesis/dissertation
support to students pursuing postharvest-related
studies.

Output of these students could provide a reliable
premise for further development of technologies or in
formulating policies geared towards improving the
postharvest industry.

 

Objectives

 

This project serves as a venue for the continuous
conduct of basic and, to some extent, applied research.
Specifically, its aim is to generate more data and infor-
mation on postharvest which could serve as inputs in
the conduct of applied R&D works, to tap the
academic resources in the conduct of postharvest
R&D, to build up postharvest industry manpower via
the academic community, and to encourage students to
establish a career in postharvest R&D.

 

Who may apply

 

Qualified applicants are bonafide students of any
college or university with average or above-average
class standing, of good moral character and who are
not recipients of any other scholarship or grant.

 

Amount of grant

 

Bachelor’s Degree P15,000.00

Masters Degree P30,000.00

Doctoral Degree P50,000.00

 

Roxas, Palawan 20 292 7 529 –

Jordan, Guimaras 7 473 25 511 4

Malaybalay, Bukidnon 5 345 6 100+ –

Digos, Davao del Sur 16 947 15 1,130 –

 

Table 3

 

.  Technology Demonstration Center (TDC) project locations.

TDC Location

 

Benguet Wangal, La Trinidad, Benguet ( Cordillera Administrative Region)

Muñoz Science City Catalanacan, Muñoz Science City (Region 03)

Sorsogon Gubat, Sorsogon (Region 05)

Palawan Roxas, Palawan (Region 04)

Guimaras San Miguel, Jordan, Guimaras (Region 06)

Malaybalay Capitol Site, Malaybalay, Bukidnon (Region 11)

Davao del Sur Agriculture’s Compound, Digos, Davao del Sur (Region 11)

 

Table 2.

 

 (Cont’d)  Activities conducted at the Technology Demonstration Centers (1998–1999).

Location Training and demonstrations Information campaigns (IC) Research

Number of 
sessions

No. of 
participants

Number of 
sessions

No. of 
participants

Number of 
projects

 

a

 

Newly established centre
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Scope

 

All proposals should address information gaps on
postharvest issues and problems realted to the Medium
Term Agricultural Development Program, i.e. studies
on high value crops.

 

Intellectual property rights

 

All outputs of the theses/dissertations are jointly
owned by the BPRE, the school and the grantee-
researcher. Any publication arising from the conduct
of the research or other activities undertaken under the
memorandum of agreement (MOA) shall identify
BPRE as the source of outputs.

The BPRE reserves the right to use all data and
findings of the research projects in the pursuit of its
research programs. The grantee shall, however, be
added/duly acknowledged in the reports.

Patents may be applied for within the school for
technologies found to be suitable for commerciali-
sation. BPRE and the researcher are the patent owners.

 

Status

 

Tables 4, 5 and 6 give the names of the grantees
awarded Bachelor of Science (Table 4), Master of
Science (Table 5) and Doctor of Philosophy (Table 6)
degrees from 1992–1999 and the titles of their theses.

 

Table 4

 

.   Bachelor of Science grantees (1992–1999).

Name Title of thesis

 

Valencia, Hector G. Design and development of coconut milk extractor

Vales, Raquel G. Design, construction and performance testing of essential oil extractor

Empleo, Herminia C. Design, construction and performance testing of a root crop rotary 
cleaner/washer

Dela Austria, Elias Jr. A. Design, construction and testing of pili nut oil extractor

Falla, Ma. Cristina B. Effects of edible coatings and films on the fungi-infected mango fruits

Polsito, Concepcion K. Postharvest evaluation of carrots washed using a manually-operated 
carrot washer

Rogelio, Marivic A. Effects of methods of waxing on the shelf-life of calamansi fruits (

 

Citrus 
mandurensis

 

)

Pascual, Christopher A. Performance evaluation of three manually-operated cashew nut 
decorticators

Zamora, Jonathan A. Effect of different levels of ethylene scrubber on the postharvest life of 
Lacatan banana (

 

Musa

 

 sp. var. Lacatan)

Bute, Ailyn M. The effect of different ripening substrates on the occurrence of 
postharvest diseases of mango

Waclin, Malonia S. Breaking dormancy of potato (

 

Solanum tuberosum

 

 cv. Granola) tubers 
With various ethephon concentrations

Caoili, Reynold C. Design, construction and evaluation of a cashew nut shell liquid (CNSL) 
extraction machine

Rentutar, Estrellita I. Occurence of diseases and shelf-life of banana var. Lakatan in response 
to postharvest treatments

Sumcad, Betty A. Control of bacterial softrot of cabbage, chinese cabbage and lettuce 
using alum

Nebsan, Carmelita S. Benchmark information on the common postharvest losses of lettuce at 
La Trinidad Trading Post

Cambari, Edna V. Ocurrence of postharvest diseases and shelf-life of papaya (

 

Carica 
papaya

 

) var. Solo in response to storage practices

Castillo, Jose Edwin L. and Orpilla, Dexter L. Design, fabrication and performance test of onion grader by weight basis
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Ladiao, Jaime Z. and Tuates, Andres Jr. M. Modification, fabrication and performance test of an onion grader by 
size

Dapat, Joy Ruth D. Shelf-life quality of roses (Rosaceae spp.) in response to postharvest 
treatments, packaging and storage conditions

Ramos, Chyrel A. Longevity and quality of gladiolus (

 

Gladiolus grandiflorus

 

 L.) var. 
Carqueranni cutflower in response to postharvest treatments and 
polyethylene sleeve

Barra, Elvie G. Fungal incidence in stored pili kernels treated with tuba seed

Mira, Wilfredo B. Identification of postharvest insect pests in pili

Abonado, Jeunah B. Knowledge gained on Burong Mangga preparation messages 
communicated via Teknogiya by some housewives in Brgy. Rizal, 
Bansalan, Davao Del Sur

Cartagena, Luz A. Knowledge gained from multi-lingual leaflet disseminating banana flour 
making technology among Maguindanaoans in Malamote, Matalam, 
Cotabato

Hora, Mariedith C. Knowledge gained on mango puree preparation messages communicated 
via bilingual leaflet by mango growers in Sangat, Mlang, Cotabato

Dela Cruz, Arminda E. Development of a technology package for the postharvest handling of 
peanut in prevention of aflatoxin contamination

Cervantes, Honeylee Faith C. Moisture sorption properties of selected seedboard-approved Philippine 
variety peanuts

 

Table 4

 

.  (Cont’d)  Bachelor of Science grantees (1992–1999).

Name Title of thesis

 

Table 5.

 

 Master of Science grantees (1992–1999).

Name Title of thesis

 

Calica, Helen R. Postproduction practices and training needs of cashew farmers in San 
Marcelino, Zambales and Limay, Bataan

Capariño, Ofero A. Mango powder production by freeze drying process

Tolentino, Genaro M. Effect of pre-conditioning treatments and degree of dryness on the extraction 
and quality of cashew kernel

Mohammad Yamin Sprout and rotting inhibition of onion through MH-30 application, curing, 
bagging and cold storage

Velilla, Allan D. Ethylene production and pectic enzyme activity in papaya (

 

Carica papaya

 

 L. 
cv. ‘Solo’) fruit infected by 

 

Lasiodiplodia theobromae

 

 (Pat) Griff. and Maubl.

Marañon, Ramon P. The effect of location and harvest season on the histo-physiological 
characteristic of Guimaras grown mango

Artes, Leonisa A. Role of CO

 

2

 

, O

 

2

 

 and C

 

2

 

H

 

4 

 

in the development of ripening disorders in ‘Saba’ 
banana
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Conclusion

 

With these strategies, it is expected that scarce R&D
resources will be judiciously and efficiently used as a
result of coordinated, unified and systematic R&D and
technology transfer programs.

 

Table 6.

 

 Doctor of Philosophy grantees (1992–1999).

 

Name Title of thesis

Roldan, Marissa B. Anatomical and biochemical mechanism of tissue hardening in heat-treated 
‘Solo’ papaya (

 

Carica papaya

 

 L.) fruits

Dela Cruz, Anselmo Q. Astringency removal in cashew (

 

Anacardium occidentale

 

 L.) apple treated 
with carbon dioxide and ethanol

Anterola, Marrietta G. An exploratory study of gender participation in selected mango postharvest 
activities on Region III

Abon, Carlos Jr. Production and postharvest activities on soybean

Amestoso, Felix J. Single screw extrusion processing of sweet potato flour into artificial grains for 
snacks

Mpayamaguru, Josue Correlates to soybean processing technology adoption for utilisation in human 
diet in selected towns of Nueva Ecija
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Foliar Application of Benzothiadiazole and 
Protection of Postharvest Rockmelons and ‘Hami’ 

Melons from Disease

 

Y. Huang*, B.J. Deverall*, W.H. Tang†, W. Wang†, F.W. Wu§ and R. Li¶

Abstract

 

A pre-flowering foliar spray of an activator benzothiadiazole (BTH) at 50 mg/L a.i. combined with a fruit dip
in the fungacide guazatine at 500 mg/L a.i. at harvest substantially decreased disease in stored melons. Major
diseases occurring on the tested rockmelons and ‘Hami’ melons were caused by 

 

Fusarium

 

 spp., 

 

Alternaria

 

spp., 

 

Rhizopus

 

 spp. and 

 

Trichothecium

 

 sp. The BTH treatment alone was significantly effective in many but not
all situations. Guazatine alone significantly decreased infection by 

 

Fusarium

 

 spp. but had a lesser effect on that
caused by Alternaria spp. and Rhizopus spp.

 

C

 

URRENTLY

 

 there is a lack of effective control
measures against 

 

Rhizopus

 

 and 

 

Alternaria

 

 rots.
Control of other diseases is dependent on the appli-
cation of protectant fungicides such as guazatine
(Wade and Morris 1983). Further research is required
because the use of fungicides is becoming restricted
due to concerns for the environment and health, as well
as the increased cost of developing new fungicides.
Withdrawal of some fungicides, such as benomyl that
was used in the postharvest treatment of melons in
Australia and captan for control of postharvest
diseases, is a clear signal for this requirement (Jan-
isiewicz 1991).

Systemic induced resistance (SIR) is under
extensive investigation for the minimisation of plant
diseases, and has been demonstrated in several plant
families (Kessmann et al. 1994; Hammerschmidt and

Kuc 1995). Biotic inducers of systemic resistance in
the cucurbit family include locally infecting fungal
pathogens (Caruso and Kuc 1979; Martyn et al. 1991).
Synthetic activators such as dichloroisonicotinic acid
and benzothiadiazole (BTH) have been reported to
cause SIR in cucurbits and other crop species
(Métraux et al. 1991; Friedrich et al. 1996; Görlach et
al. 1996).

This paper explores the effect of the activator BTH
as a foliar spray in melons on the susceptibility of the
fruit to postharvest pathogens during storage, and its
potential when combined with a protective fungicide
to provide a new control system against postharvest
disease.

 

Materials and Methods

 

Benzo (1,2,3) thiadiazole-7-carbothioic acid S-methyl
ester (BTH, CGA 245704), formulated as 50% a.i. in
wettable granules, was obtained from Novartis Crop
Protection Australasia. Guazatine formulated in liquid
was provided by Rhone-Poulenc Rural Australia.

Crops of ‘Eldorado’ rockmelon were grown at a
farm in Mildura, Victoria, Australia. BTH at 50 mg/L
a.i. was sprayed onto the melon crops before blossom.

* Department of Crop Sciences, University of Sydney, New 
South Wales 2006, Australia.

† Department of Plant Protection, China Agricultural 
University, Beijing 100094, China.

§ Xinjiang Department of Agriculture, Urumqi, Xinjiang, 
China.

¶ Chongqin Institute of Pomology, Jiangjin, Chongqin 
230043, China.
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Melons were harvested 8 weeks after treatment.
Melons were sorted for uniform size and absence of
obvious injuries, then washed for 1 min in a solution
providing 100 parts per million (ppm) available
chlorine. Half of the melons from each field regime
were dipped in guazatine 500 mg/L a.i. for 1 min.
Melons were then placed in cartons. The cartons were
then kept at 2–8°C for 3 weeks. Four treatments were
compared: control; BTH preharvest spray; guazatine
postharvest dip; and BTH preharvest spray plus
guazatine postharvest dip. Three replicates were estab-
lished for each of the four treatments.

Crops of ‘Early Yellow Hami’ melons were grown
and treated in a similar way in Xinjiang Province,
China, except that the melons were harvested at full
maturity 7 weeks after spraying of the foliage, and
storage was on 5 cm thick straw layers at room tem-
peratures of 26–29°C for 9 days.

Each melon was inspected after storage and results
recorded as the percentage of total melons, firstly with
any symptoms, and secondly with specific types of rot.
Fungi associated with rots in ‘Hami’ melons were
isolated, established in pure culture and used to re-
inoculate healthy melons, which were kept at 20–25°C
for 48 h. Fungi that caused rots were then identified by
microscopic inspection of mycelia and spores.

Estimates of disease severity were made for some
experiments based on the numbers and areas of lesions
according to the scale: 0 = no symptoms; 1 = one
lesion less than 1 cm in diameter; 2 = one lesion
between 1–3 cm, or two lesions each with an area less
than 2 cm; 3 = one lesion larger than 3 cm but smaller
than 5 cm, or two lesions each larger than 2 cm but

smaller than 3 cm; 4 = one lesion > 5 cm, or more than
3 lesions. The percentage data were transformed to
arcsine and analysed, to give disease severity = 

 

J

 

(rating of each symptom)/number of melons. Least
significant differences were used to assess the effects
of treatments.

 

Results

 

Application of BTH to rockmelon foliage before
flowering had a major effect on the disease suscepti-
bility of fruit produced on the farm in Mildura, Aus-
tralia. There was a significant decrease in the
incidence of disease after low temperature storage of
the fruit (Table 1). A postharvest application of
guazatine to the fruit had a greater effect, and the use
of both applications in succession almost prevented
disease.

In this experiment, 

 

Alternaria

 

 rot was a major
disease, occurring on the sides of rockmelons that had
touched the ground during crop growth. These sides
were soft and fragile when the fruit were removed
from storage and yielded typical symptoms of 

 

Alter-
naria

 

 rot 2 days later, where no treatments had been
applied. In contrast, comparable sides were firm after
the application of both treatments in succession, but
less frequently after one treatment alone. 

 

Fusarium

 

 rot
mainly occurred on the stem-end scars of melons
which received no treatments and its incidence was
significantly decreased by pre-flowering application
of BTH and prevented by a postharvest dip of fruit in
guazatine alone (Table 1).

 

Table 1

 

.  Effect of benzothiadiazole (BTH) and guazatine on disease in ‘Eldorado’ rockmelons after storage.

 

a

 

Treatment Diseased Percentage of fruit

 

b 

 

infected by

 

Alternaria

 

Fusarium

 

Control 88.5 a 55.6 a 50.0 a

BTH 55.6 b 32.5 b 26.6 b

Guazatine 21.8 c 21.6 c 0.0 e

BTH +guazatine 2.0 d 2.0 d 0.0 e

 

a 

 

BTH (50 mg/L a.i.) was applied as a spray to foliage in 1997 before flowering. Guazatine (500 mg/L a.i.) was applied 
as a fruit dip after harvest. The melons were stored at 2–8°C for 3 weeks.

 

b 

 

Figures followed by different letters within the first column and separately in the last two columns were significantly 
different at 5% by least significant difference (LSD).
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Experiments of a similar design were carried out in
Xinjiang, China, but using ‘Hami’ melons and post-
harvest storage at room temperature. Fungi isolated
from diseased ‘Hami’ melons were 

 

Fusarium chlamy-
dosporum, F. equiseti, F. semitectum, F. culmorum,
F.  sambucimum, F. oxysporum

 

 ssp. 

 

cucumerinum

 

 and

 

F. moniliforme var. subglutinas, Alternaria plurise-
plate 

 

and

 

 A. alternata

 

 , 

 

Rhizopus

 

 

 

stolonifer

 

 and

 

R. arrhizus

 

, and 

 

Trichothecium roseum

 

. Minor
pathogens included 

 

Penicillium

 

 spp. and 

 

Geotrichum
candidum

 

.

 

Fusarium

 

 rot had the highest incidence, occurring at
the stem end and in cracks on the skin surface. 

 

Alter-
naria

 

 rot mainly occurred at places that had touched
the ground during growth. 

 

Rhizopus

 

 rot was mainly on
the sides of fruit. 

 

Trichothecium

 

 rots were found
randomly at the stem end, flower end, and on the sides
of fruit. Either pre-flowering application of BTH or a
postharvest dip of fruit in guazatine reduced overall
disease, but BTH did not decrease 

 

Trichothecium

 

 rot
(Table 2). Successive treatments were no more bene-
ficial in minimising total disease, but they were
effective against the 

 

Alternaria

 

 and 

 

Rhizopus

 

 rots.

 

Discussion

 

The experiments confirmed that postharvest diseases
in rockmelons include 

 

Alternaria

 

, 

 

Fusarium

 

 and

 

Rhizopus

 

 rots, and showed that these diseases were
also responsible for loss in ‘Hami’ melons in China.
Guazatine gave quite effective control of 

 

Fusarium

 

and 

 

Rhizopus

 

 rots, but was less effective against 

 

Alter-
naria

 

 rot, especially in prolonged storage of rock-
melons. No fungicide is registered in China for the
protection of postharvest melons, and guazatine is the
only fungicide that the Australian melon industry

currently relies on for this purpose. The potential for
reinforcement of this method and a widening of its
effectiveness against all major pathogens was shown
by its use as a postharvest dip combined with BTH as
a preharvest foliar spray.

One spray of BTH to leaves of melon crops prior to
flowering without postharvest treatment decreased the
incidence and extent of postharvest diseases to some
degree. This remarkable result opens a new approach
to minimisation of postharvest melon diseases,
because BTH has no direct anti-microbial action, but it
has given protection in several other plant species
through the induction of systemic resistance (Friedrich
et al. 1996; Görlach et al. 1996; Lawton et al. 1996;
Siegrist et al. 1997; Dann et al. 1998; Jensen et al.
1998). BTH, therefore, is hypothesised to decrease
postharvest disease in melon after foliar application by
activating systemic resistance, as it is reported to do in
cucumber roots after foliar application (Benhamou
and Belanger 1998).
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Table 2

 

.  Effect of benzothiadiazole (BTH) and guazatine on disease in ‘Early Yellow Hami’ melons after storage.

 

a

 

Treatment Diseased Percentage of fruit

 

b 

 

infected by

 

Alternaria

 

Fusarium Rhizopus Trichothecium

 

Control 73.5 a 25.4 c 53.3 a 21.9 c 9.3 e

BTH 50.0 b 13.0 de 44.3 b 1.2 g 8.8 e

Guazatine 29.7 c 10.0 de 11.6 de 1.2 g 0.0 h

BTH + guazatine 23.2 c 4.5 f 15.7 d 0.0 h 10.0 de

 

a

 

 

 

BTH (50 mg/L a.i.) was applied as a spray to foliage on in 1998 before flowering. Guazatine (500 mg/L a.i.) was applied 
as a fruit dip after harvest. The melons were kept on a straw layer (5 cm thick) at room temperature for 9 days.

 

b 

 

Figures followed by different letters within the first column and separately in the last four columns were significantly 
different at 5% by least significant difference (LSD).
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Using Perforated Plastic Packaging for Extending 
the Shelf Life of Okra Pods

 

J. Poubol, S. Kanlayanarat and C. Maneerat*

 

Abstract

 

Perforated plastic bags were tested for use in extending the shelf life of okra pods (

 

Abelmoschus esculentus

 

 L.
Moench). Okra pods were packed in four different types of perforated plastic bags: (1) 4 holes, polyethylene
bag ; (2) 12 holes, polyethylene bag; (3) 4 holes, polypropylene bag; and (4) 12 holes, polypropylene bag.
Packed okra pods were stored at 10°C for 10 days. Firmness, fibre content, weight loss, gas composition, visual
appearance, and shelf life of okra pods were determined during storage. The results showed no significant
differences in either the gas concentrations within the packages nor the firmness and fibre content of the okra
pods. However, okra pods packed in polypropylene bags perforated with four holes had the best visual
appearance and lower weight loss than the other treatments and resulted in an extension of the shelf life of good
quality okra pods from 6 days to 10 days.

 

O

 

KRA

 

, 

 

Hibiscus esculentus

 

 L. (

 

Abelmoschus escu-
lentus

 

 (L.) Moench), is a tropical vegetable of high
export potential. It is desirable to harvest okra pods
daily or frequently at the young and tender stage, since
mature pods become fibrous and tough (Snowdon
1991). The immature fruit are used as a boiled or fried
vegetable. They are particularly popular for adding to
soups and stews. Okra pod is a non-climacteric fruit/
vegetable which has a high respiration rate, is
extremely perishable (Hardenburg et al. 1986), and is
prone to discoloration and toughening (Snowdon
1991). The immature pods have a very high respiration
rate and their metabolism changes rapidly, resulting in
a short storage life. High quality pods should be bright
green, firm, and free from yellow blemishes. Soft and
high fibre content pods are of low quality and will be
rejected by consumers.

Modified atmosphere storage was reported to be
effective in extending the storage life of okra (Anan-
daswamy 1963). In Thailand, packaging of fresh
horticultural produce using various plastic bags has
been shown to be useful for extending their shelf life.
However, fresh produce like okra stored in such
packages in cold storage—commonly found in retail

markets—has a limited shelf life due to desiccation,
decay or injury caused by excessive moisture. Con-
densation is an important problem for the conservation
of fresh horticultural produce. Presence of free water
on the surface of the produce enhance risks of fungal
growth and often leads to a bad appearance which
makes the produce unsaleable (Kader 1991).

The main aim of this research was to determine the
effect of perforated plastic bags in reducing water loss
and biochemical changes in fresh okra packages.
Moreover, the number of perforations per package and
the type of plastic bags most suitable for the optimal
conservation of okra were determined.

 

Materials and Methods

 

Sample preparation

 

Okra pods (

 

Abelmoschus esculentus

 

 L. Moench)
were hand-harvested using a knife. They were trans-
ported from Ratchaburi Province in the western part of
Thailand to the Postharvest Laboratory at King
Mongkut’s University of Technology Thonburi by air-
conditioned bus within 4 hours and stored at 10 ± 3°C
and 87 ± 10% relative humidity (RH). Experimental
samples which were uniform green in colour and 8–10
cm long were selected. Samples were then randomly

* Division of Postharvest Technology, King Mongkut’s 
University of Technology Thonburi, Thungkru, Bangkok 
10140, Thailand.
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divided into four groups (treatments). Each group had
four replications of eight pods per replication.

The bags used were approximately 15 

 

×

 

 23 cm (6 

 

×

 

 9
inches). Two kinds of perforated plastic bag were
tested—polypropylene and polyethylene. The diameter
of each hole (perforation) was 0.5 cm.

 

Monitoring of gas composition

 

The gas composition within each bag was
monitored during storage using gas chromatography. 1
mL of internal gas was withdrawn from each bag using
a gastight syringe fitted with a 25 G stainless steel
needle. Gas samples were analysed for O

 

2

 

 and CO

 

2

 

 by
injection into a gas chromatograph fitted with a
thermal conductivity detector equipped with a
stainless steel column (3 mm 

 

 ×

 

 1.5 m) containing
porapak Q (80/100 mesh) (Shimadzu, GC-8A, Japan).
The temperature of the injector and detector was
100°C and the column temperature was 50°C. Helium
was used as the carrier gas. C

 

2

 

H

 

4

 

 was determined by
injecting 1 cc of internal gas atmosphere into a gas
chromatograph fitted with a flame ionisation detector
equipped with a stainless steel column (3.2 mm 

 

×

 

 2.5
m) containing 20% carbowax 20 m, 60/80 mesh (Shi-
madzu, GC-14B, Japan). The temperature of the
injector and detector was 120°C and the column tem-
perature was 85°C. Nitrogen was used as the carrier
gas.

 

Analytical methods

 

Percentage weight loss

 

. Determined by comparing
the average weight of 100 g samples taken from each
treatment at each sampling date to the initial weight.

 

Soluble solids

 

. Measured (°Brix) with an Atago
refractometer (model N1) at 20°C.

 

Texture

 

. Shear resistance was determined by
measuring the force required to cut through four raw
okra pods using a Texture Analyzer TA-XT2 equipped
with a 500 kg load cell, fitted with 7 

 

×

 

 12 cm knife (3.2
mm thick blade). The pods were placed horizontally in
the cell and were cut 3.0 cm from the base. Crosshead
and chart speed were 100 mm/min and 300 mm/min,
respectively. The crosshead speed chosen was the
most consistent in relating shear strength to pod
maturity and quality (unpublished data). The
maximum value on the force scale was taken as a
measure of shear resistance.

 

Colour

 

. Measurements were determined with a
Hunter Lab Tristimulus Color Model (Minolta DP-
301) calibrated with a white standard tile (X = 92.40;
Y = 0.3134; Z = 0.3195). 

 

L

 

* and 

 

b

 

* values were

assigned as the average for four representative
samples, with two replications for each treatment. The

 

b

 

*

 

 is positive value for yellow fruits and 

 

L

 

*

 

 is positive
value for lightness.

 

Titratable acidity

 

. The method of the Association of
Official Analytical Chemists was used (AOAC 1990).

 

Ascorbic acid

 

. The method of the Association of
Official Analytical Chemists was used (AOAC 1990).

 

Fibre content

 

. Determined using an alkali extraction
method. The pods without seeds (10 g) were cooked
for 10 min in boiling water, macerated with 12.5 mL
50% NaOH and boiled for 5 min. Fibre was filtered
and washed through a 25–30 mesh screen to separate
the fibre. Fibre was then dried at 100°C for 2 h and
weighed (Gould 1977).

 

Statistical analysis

 

Statistical analyses performed on the data included
analysis of variance (ANOVA) using the General
Linear Models Procedure by SAS (SAS Institute,
Cary, NC.), Duncan’s multiple range test, and
standard deviation calculations. The experimental
design used for analytical measurements was com-
pletely randomised with four replications.

 

Results and Discussion

 

Changes in gas composition of the 
package atmosphere

 

Oxygen and carbon dioxide concentrations

 

In the initial period of storage, rapid changes in CO

 

2

 

accumulation and O

 

2

 

 depletion were observed. Levels
of O

 

2

 

 and CO

 

2

 

 inside the packages were 17% and
1.5%, within 2 and 6 days, respectively, as shown in
Figures 1A and 1B. Thereafter the concentration of O

 

2

 

and CO

 

2

 

 gradually changed over time according to the
rate of okra respiration. Okra used O

 

2

 

 in the package
for its respiration and produced CO

 

2

 

.

 

Ethylene levels

 

Figure 1C shows that the C

 

2

 

H

 

4

 

 concentrations
within the perforated plastic bags at 10°C showed no
significant difference between treatments. It was noted
that the rate of ethylene diffusion from the fruit
internal atmosphere may have obscured the rates of
ethylene evolution and contributed to relatively low
levels of ethylene inside the packages during the first 8
days of storage.
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Figure 1

 

. Changes in headspace gas levels of (A) oxygen, (B)
carbon dioxide and (C) ethylene inside packages of
okra pods stored for 10 days at 10°C in
polyethylene (PE) or polypropylene (PP) bags
perforated with 4 or 12 holes, compared with
unpacked pods (control).
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Quality of okra

 

Assessment of weight loss

 

The percentage weight loss for okra packed in per-
forated packages was lower than for pods stored
unpacked (Figure 2). Weight loss of each package was
almost constant for the first 8 days, although it was
slightly higher on the first 2 days. Weight loss
decreased slowly, because of a reduction in the water
vapour gradient between the outside surface of the
product and the air. Polypropylene (PP) bag + 4 holes
reduced weight loss of okra pods more than PP bag +
12 holes, polyethylene (PE) bag + 12 holes, and PE
bag + 4 holes, respectively.

 

Change in soluble solids

 

Total soluble solids (TSS) loss was lower in okra
pods packed in perforated plastic bags compared to the
control (Figure 3). In spite of the apparent decrease in
TSS during storage, there was statistically significant
increase (P > 0.05) between 2 and 4 days. The overall
decrease in soluble solids in all packages was due to
the respiration of okra pods which consumed the
soluble solids (Wills et al. 1981).

 

Texture

 

Toughness was expressed as the shear resistance
value which was lower in okra pods stored in perfo-
rated packages than in the control (Figure 4).
Toughness is an important quality criterion of fresh
okra because tough pods are inedible. A shear force of
~30 N has been equated with good quality of okra
pods.

 

Pod colour

 

A bright green appearance is the most important
characteristic of fresh okra quality because brown
pods will be rejected by consumers (Baxter and
Waters 1990). Pod colour was measured as 

 

L

 

*

 

(lightness) and 

 

b

 

*

 

 (yellowness). The fruit colour at
each sampling time is presented in Figure 5. There
were no significant differences in 

 

L

 

*

 

 and 

 

b

 

*

 

 values of
pods over time. A higher value of 

 

L

 

*

 

 was observed for
pods packed in perforated bags after 4 days of storage,
compared with unpacked, due to the yellowing of
some pods in this control.
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Figure 2. Weight loss (fresh weight basis) of okra
pods stored for 10 days at 10°C in
polyethylene (PE) or polypropylene (PP)
bags perforated with 4 or 12 holes,
compared with unpacked pods (control).
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Figure 3. Changes in total soluble solids content of
okra pods stored for 10 days at 10°C in
polyethylene (PE) or polypropylene (PP)
bags perforated with 4 or 12 holes,
compared with unpacked pods (control).
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Titratable acidity

 

Acidity generally increased during storage, with the
rate of increase being slower in okra pods packed in
perforated bags compared to the control (Figure 6).

 

Ascorbic acid

 

Vitamin C content generally decreased during
storage. The decrease was slower in okra pods packed
in perforated bags than in the control (Figure 7).
Vitamin C had decreased by the 4

 

th

 

 day of storage but
had increased by the 6

 

th

 

 day. This phenomenon could
be explained by the fact that glucose is a precursor of

ascorbic acid and some glucose could have been
converted to ascorbic acid by the 6

 

th

 

 day (Isherwood
and Mapson 1962). However, the vitamin C content of
both pods stored in perforated bags and control was no
different.

 

Fibre content

 

After an initial decrease, the fibre content of both
pods stored in perforated bags and control generally
increased over time in storage. This increase was
slower in okra pods stored in perforated bags than in
the control (Figure 8).
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Figure 5. Changes in pod colour expressed as (A) L*
(lighness) and (B) b* (yellowness) of okra pods
stored for 10 days at 10°C in polyethylene (PE)
or polypropylene (PP) bags perforated with 4 or
12 holes, compared with unpacked pods
(control).
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Figure 6

 

. Changes in total titratable acidity of okra pods
stored for 10 days at 10°C in polyethylene (PE) or
polypropylene (PP) bags perforated with 4 or 12
holes, compared with unpacked pods (control).

 

Figure 7.

 

Changes in ascorbic acid content of okra pods
stored for 10 days at 10°C in polyethylene (PE) or
polypropylene (PP) bags perforated with 4 or 12
holes, compared with unpacked pods (control).

 

Figure 8

 

. Changes in fibre content of okra pods stored for
10 days at 10°C in polyethylene (PE) or
polypropylene (PP) bags perforated with 4 or 12
holes, compared with unpacked pods (control).

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)



 

592

 

Conclusion

 

Perforated plastic packaging reduced weight loss
compared to the control. Okra pods packed in PP bag
+ 4 holes delayed weight loss more successfully than
okra pods in PP bag + 12 holes, PE + 12 holes, and PE
+ 4 holes, respectively. Moreover, storage in PP bag +
4 holes gave the best visual appearance, resulting in an
extension of the marketing period of good quality okra
pods from 6 to 10 days.

 

References

 

Anandaswamy, B. 1963. Prepackaging studies on fresh
produce. IV. Okra (

 

Abelmoschus esculentus

 

 L.). Food
Science (Mysore), 12, 332–335.

AOAC (Association of Official Analytical Chemists) 1990.
Official method of analysis. Virginia, Association of
Official Analytical Chemists, 1298p.

Baxter, L. and Waters, L. Jr 1990. Controlled atmosphere
effects on physical change and ethylene evolution in
harvested okra. HortScience, 25, 92–95.

Gould, W.A. 1977. Food quality assurance. Connecticut,
The AVI Publishing Company, 314p.

Hardenburg, R.E., Watada, A.E. and Wang, C.Y. 1986. The
commercial storage of fruits, vegetables, and florists and
nursery stocks. United States Department of Agriculture
Handbook, 66p.

Isherwood, F.A. and Mapson, L.W. 1962. Ascorbic acid
metabolism in plants, part 2. Biosynthesis. Annual
Review of Plant Physiology, 13, 329–348.

Kader, A.A. 1991. Postharvest biology and technology: an
overview. In: Kader, A.A., ed., Postharvest technology of
horticultural crops, 2

 

nd

 

 edition. University of California,
Publication 3311, 15–20.

Snowdon, A.L. 1991. A color atlas of postharvest diseases
and disorders of fruit and vegetables. Volume 2:
vegetables. Aylesbury, Wolfe Scientific, 416p.

Wills, R.H.H., Lee, T.H., Graham, D., McGlasson, W.B.
and Hall, E.C. 1981. Postharvest. An introduction to the
physiology and handling of fruits and vegetables.
Sydney, New South Wales University Press, 161p.

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)



 

593

 

Changes in Polyamine Levels and Peroxidase 
Activity in ‘Khakdum’ Papaya (Carica papaya L.) 

under Low Temperature Storage Conditions

 

S. Setha, S. Kanlayanarat and V. Srilaong*

 

Abstract

 

‘Khakdum’ papaya fruits were stored at 5°C or 15°C to study the relationships of polyamine content and
peroxidase activity to chilling injury. Chilling injury of papaya stored under 5°C was developed as a pitting
symptom on the peel after 15 days of storage. The injury became more severe (over 20% damage) after 30 days
of storage. Polyamine content, as measured by putrescine, spermidine and spermine levels, gradually
decreased over time. Peroxidase activity increased gradually until it reached a peak at 10 days storage, after
which it fell slightly. At the end of storage, chilled papaya fruit stored at 5°C could not ripen normally, while
the fruit stored at 15°C showed a climacteric rise and normal ripening.

 

P

 

APAYA

 

 (

 

Carica papaya

 

 L.) is a member of family
Caricaceae and is a popular fruit crop throughout
tropical and subtropical regions. Papaya is tropical in
origin and the fruit changes rapidly, both physiologi-
cally and biochemically, after harvest. Postharvest
losses of papaya quality could be minimised by
storage at low temperature. Under such conditions,
fruit metabolism, respiration and the ripening process
are retarded. Papaya fruit are sensitive to temperatures
below 12.5°C and chilling injury is observed as a
pitting symptom on the peel surface (Chen and Paull
1986). The physiological and biochemical alterations
occur in response to chilling stress which induces the
degradation process in membranes and disrupts
metabolism (Raison and Orr 1990). In a previous
study, it was found that oxidative damage was an early
response of sensitive tissue to chilling and many free
radicals were induced (Hariyadi and Parkin 1991).
Polyamines are free radical scavenger agents that can
protect membranes from peroxidation (Kramer and
Wang 1989). Furthermore, peroxidase also has free
radical scavenger properties under chilling stress con-
ditions (Burris 1960). The objective of this study was

to investigate the changes in polyamine content and
peroxidase activity in papaya in response to chilling.

 

Materials and Methods

 

Sample preparation

 

Papaya fruit (

 

Carica papaya

 

 L.) of the ‘Khakdum’
cultivar were harvested from an orchard in Chantaburi
Province in the eastern part of Thailand. The fruit
selected were uniform in size and 5–10% yellow in
colour. Selected fruit were dipped in 500 ppm thiaben-
dazole (TBZ) for 5 min to control microorganisms,
then well drained and placed in a coolroom at 5°C or
15°C and 90–95% relative humidity (RH).

 

Sample analysis

 

Samples were withdrawn every 3 days to determine:
polyamine as putrescine, spermidine, and spermine
content; peroxidase activity; respiration rate; and
chilling injury index (see below). The means of three
replications for each treatment are presented. Least
significant difference (LSD) was used to compare
mean differences.
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The severity of chilling symptoms was calculated
using the following equation:

Levels of severity were determined as: 0 = normal,
1 = pitting less than 10%, 2 = 10–20% pitting, and 3 =
pitting more than 20% (Martinez-Tellez and Lafuente
1997).

 

Respiration rate

 

Each fruit sample was sealed in a 1.17 L chamber
and incubated for 3 h at room temperature. A 1 µL gas
sample was withdrawn with a syringe. Samples were
injected into a gas chromatograph (Shimadzu GC-8A,
Porapak N column, TCD, 60°C) for determination of
carbon dioxide levels.

 

Assay for peroxidase activity

 

Pulp tissue (100 mg) was homogenised in 12 mL
cold 0.1 M phosphate buffer (pH 6.1) containing 90
mg of insoluble polyvinylpyrollidone (PVP) and 30
mg sodium ascorbate in chilled mortars and pestles.
The homogenate was filtered through four layers of
miracloth and centrifuged at 12,000 g for 10 min at
4°C. The supernatant was used for the peroxidase
assay. The assay mixture contained 0.1 M phosphate
buffer (pH 6.1), 4 mM guaiacol as hydrogen donor, 3
mM H

 

2

 

O

 

2

 

 as substrate and 0.4 mL crude enzyme
extract. The total reaction volume was 1.2 mL. The
rate of change in absorbance (optical density—OD) at
420 nm was measured using a spectrophotometer
(Shimadzu UV 160 A). The levels of enzyme activity
were expressed as OD difference/min/mg protein
(Wang 1995).

 

Polyamine analysis

 

Each sample (1 g) was extracted in 10 mL of 5%
cold HClO

 

4

 

. After extraction for 1 h in an ice bath,
samples were pelleted at 48,000 g for 20 min. The
supernatant phase contained the ‘free’ polyamine
fraction. The crude extract of 0.5 mL was mixed with
2 mL of 4 N NaOH and 5 µL of benzoylchloride was
immediately added, mixed with a vortex for 15 s, and
incubated at 35°C for 20 min in a water bath. 4 mL of
saturated NaCl was then added. Benzoyl polyamine
was extracted in cold ether. After centrifugation at
1,500 g for 10 mins, 2 mL of the top solution (ether

fraction) was collected, evaporated to dryness under
nitrogen gas, then redissolved in 200 µL acetonitrile
and injected into a high performance liquid chroma-
tography (HPLC) apparatus. Densyl polyamine was
separated by the HPLC system with a C

 

18

 

 reverse
column. The mobile phase used was ace-
tonitrile:water, 1:1 (v/v) at a flow rate of 1 mL/min.
Ultraviolet (UV) waves were detected at 254 nm. Sen-
sitivity was set at 0.04 a.u.f.s. (McDonald and Kushad
1986).

 

Results

 

Chilling injury index

 

The physiological changes to papaya fruit caused by
chilling temperature (5°C) were observed as slight
pitting on the peel after 15 days of storage. This
symptom was more severe when the fruit were trans-
ferred to room temperature. The level of chilling injury
correlated with storage time and most severe symptom
of more than 20% was observed after 30 days of
storage (Figure 1). The fruit stored at 15°C showed
slight chilling injury after their maximum storage life
of 20 days (Figure 1), after which time they decayed.

 

Respiration rate

 

Low respiration rates of approximately 3–5 mg
CO

 

2

 

/kg/hr were measured in fruit chilled at 5°C, while
the rate of 15–20 mg CO

 

2

 

/kg/h were measured in fruit
stored at 15°C (Figure 2). A respiration climacteric
peak was not detected in papaya fruit stored at 5°C.
Furthermore, the fruit did not ripen as normal.
However, papaya that stored at 15°C showed a climac-
teric rise after 3 days of storage and ripened gradually
until 20 days of storage (data not shown).

 

Peroxidase activity

 

Activity of peroxidase is an indicator of chilling
injury symptom. The peroxidase activity of papaya
fruit stored at 5°C was higher than at 15°C. The per-
oxidase activity of fruit stored at 5°C increased up to
10 days, then rapidly decreased after 15 days until the
end of storage. Papaya stored at 15°C had only slight
changes in peroxidase activity throughout the storage
period (Figure 3).

Chilling injury index

=
level of severity  number of chilled fruit

total no. of fruit

×á

â
ð

ã

ä
ò

(1)
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Polyamine content

 

The polyamine content of papaya pulp tissues was
analysed by measurement of putrescine, spermidine
and spermine levels. Papaya fruit stored at 5°C had
lower levels of putrescine than those stored at 15°C
(Figure 4). At 15°C, the putrescine content increased
to a maximum at 5 days storage, then declined. The
spermidine content decreased throughout storage,
especially in fruit stored at 15°C which showed a sharp
initial decrease (Figure 5). The level of spermidine in
fruit stored at 5°C showed only a slight decline, indi-
cating that papaya fruit kept at 5°C maintained their
spermidine content better than those kept at 15°C. The
spermine content sharply decreased within 5 days of

storage at both temperatures, although the rate of
decrease was faster in fruit stored at 15°C than at 5°C
(Figure 6).

 

Discussion

 

The effect of chilling injury on ‘Khakdum’ papaya
stored at 5°C was observed as a pitting symptom.
During exposure to the chilling temperature, the
symptom was only slightly apparent, however it was
clearly observed after transfer to a warmer temper-
ature. Moreover, this symptom led to a reduction in
postharvest life and left the fruit more susceptible to
fungal attack. Chen and Paull (1986) reported that the
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Figure 1. Chilling injury scores of ‘Khakdum’ papaya during storage at 5 or 15°C (0 = normal, 3 = severe).
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Figure 3

 

. Peroxidase activity of ‘Khakdum’ papaya during storage at 5 or 15°C.

 

Figure 4

 

. Putrescine content of ‘Khakdum’ papaya during storage at 5 or 15°C.

 

Figure 5

 

. Spermidine content of ‘Khakdum’ papaya during storage at 5 or 15°C.
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symptoms of chilling injury in ‘Kapoho Solo’ papaya
were skin scald, hard area in the pulp around the
vascular bundles, water soaking of tissue and failure of
fruit to ripen. The results of our study show the lack of
a climacteric rise and inability to attain normal
ripening in fruit stored at 5°C compared to 15°C. Eaks
(1976) obtained similar results in avocado fruit, where
fruit stored at chilling temperatures of 5°C and 0°C for
periods longer than 1 week failed to show a normal cli-
macteric rise. The mechanism responsible for this
abnormal phenomenon is not clearly known, but it
appears to be associated with the metabolic distur-
bance caused by chilling.

Free radical processes are involved in several
membrane-associated disorders, including chilling
injury (Purvis and Shewfelt 1993). Many free radicals
are highly reactive chemically and can induce the
oxidative breakdown of double bonds in the fatty acids
of membrane lipids. Several enzymes are involved in
the production and scavenging of free radicals in plant
systems. Peroxidases are ubiquitous enzymes that
catalyse the decomposition of H

 

2

 

O

 

2

 

 and liberate free
radicals instead of oxygen (Burris 1960). These free
radicals are highly phytotoxic. Increased activity of
peroxidase is also related to injury induced by chilling
(Hodgson and Raison 1991). In our study, peroxidase
activity was found to increase in papaya tissue during
15 days of storage. Chilling temperature was previ-
ously reported to enhance peroxidase activity in
mango fruit (Zauberman et al. 1988).

Changes in polyamine biosynthesis in plant tissues
have been correlated with various kinds of stress. Most
recently, putrescine and spermidine have been linked
to chilling stress (Wang 1987). Papaya stored at 5°C

had lower putrescine content and higher spermidine
and spermine content than fruit stored at 15°C.
However, there were decreasing trends with storage
time in all three polyamines (Figures 4–6). During
cold storage (0°C in air, 1% O

 

2

 

) of Chinese cabbage,
all polyamines declined linearly with storage time
(Wang 1988). Kramer and Wang (1989) demonstrated
that the preconditioning reduced chilling injury and
led to a significant increase in spermine and sper-
midine levels in zucchini squash. It was suggested that
polyamines can act to prevent chilling injury in squash
by a mechanism which involves protecting membrane
lipid from peroxidation. However, the exact role of
polyamines on chilling injury in papaya is still not
clear.

 

Conclusion

 

The effect of chilling injury on ‘Khakdum’ papaya
fruit stored at 5°C was shown as a pitting symptom.
Low respiration rates and inability to ripen normally
were observed. Moreover, peroxidase activity
increased while putrescine, spermidine, and spermine
levels decreased.
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Status of Quality Standards in the South African 
Fruit Industries

 

L. Korsten and E.S. de Jager*

 

Abstract

 

Improving quality standards is inevitable if the South African fruit industries are to conform to increasingly
stringent regulations on export consignments and maintain their competitive edge. This paper reviews the
development of standardisation including export product standardisation and the impact of sanctions and
deregulation on South Africa’s international trade. The establishment of various International Standards
Organisation (ISO) 9000 and Hazard Analysis and Critical Control Points-based quality certification systems
is described. South Africa’s commitment to the observance of internationally agreed core labour standards,
addressing global environmental problems and ensuring the quality and safety of its products through
legislation is reviewed.

 

S

 

OUTH

 

 A

 

FRICA

 

 is a country of extremes in terms of
climate and topography. The variability in rainfall,
temperature and soil types makes it extremely difficult
to farm effectively and produce optimal yields of high
quality. Of the total area of 122 million hectares, 101
million hectares are farmland. Of this, only 13.5% is
arable land and a mere 3% is land of high potential
(Huntley et al. 1989). Notwithstanding the limitations
in climatic and physical conditions, a diversity of agri-
cultural products are produced and even exported.
Indeed, in the Southern Hemisphere, South Africa sets
the pace in the development of a strong export-
oriented industry, particularly in citrus and deciduous
fruit growing (Davies and Albrigo 1994).

Global expansion in trade in agricultural products
resulted in specific discussions of these topics at the
Uruguay round of the General Agreement on Tariffs
and Trade (GATT). The most important outcome of
this agreement was the establishment of a new set of
rules regarding international agricultural policy devel-
opment (Satin 1999). Agriculture traditionally evaded
GATT measures, but now had to comply with the new
rules. The agreement on sanitary and phytosanitary
measures dealt more specifically with questionable
health and safety concerns often disguised as trade

barriers. Countries could still set their own safety
standards but they had to be based on sound scientific
evidence. The use of accepted international standards
has been encouraged and provides great potential for
new products and emerging markets.

Free trade and the removal of restrictions on the
movement of goods and people are typically asso-
ciated with increased globalisation. The dynamics of
world trade are continuously and rapidly changing and
local industries in South Africa have been addressing
critical quality issues to remain a small but key player
in world trade. In order to gain access to newly
emerging markets and remain competitive in tradi-
tional markets frequented by South African exporters,
consistent product quality of the highest standard had
to be assured. Quality remained a critical factor in
accessing competitive new markets and all effort has
been made to ensure that all products meet and exceed
established standards.

Traditionally, quality was the accepted norm in
international trade, but with globalisation came
increased human exposure to newly emerging infec-
tious food-borne diseases and more resistant groups of
pathogens. Chemical contamination of products or the
environment, and fair trade principles, are also
changing the face of minimum export criteria to which
growers and exporters have to adhere. Ensuring food
safety along the food chain has become one of the

* Department of Microbiology and Plant Pathology, 
University of Pretoria, Pretoria, South Africa.
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minimum requirements of First World countries, for
both locally produced and imported food products.
These new challenges are currently sweeping through
the world, and growers and exporters have in many
instances been caught unprepared for new legislation
of minimum food safety standards required by most
major First World countries such as the United States
of America (USA) and in the European Community.

South Africa is one of the many countries that
entered the new millennium unprepared for the new
minimum export requirements. Both the government
and industry are currently haphazardly trying to deal
with the new incoming legislation, requirements and
guidelines. This review presents an overview of
quality assurance systems in South Africa.

 

Economic Overview

 

Official census statistics indicate that South Africa’s
population has increased by 62%, from 25 million in
1980 to 40.6 million in 1996, when the last official
census was conducted. The current South African pop-
ulation is estimated at 44 million. However, the
ongoing influx of illegal immigrants from mostly
other African countries, estimated by some as being as
high as 10–12 million, distorts figures and signifi-
cantly contributes to widespread poverty and ine-
quality (Feneyes 1996). Furthermore, the country’s
economic development has not kept pace with the
rapidly increasing population. The economically
active group within the population has increased by
5% only from 8.7 million in 1980 to 9.1 million in
1996. Thus, whereas 35% of South Africa’s popu-
lation was economically active in 1980, this number
dropped to 22% in 1996 (Abstracts of Agricultural
Statistics 2000).

The contribution of agriculture to South Africa’s
gross domestic product (GDP) decreased from 6.1% in
1980 to an estimated 4% in 1998. During the same
period, the percentage of the economically active pop-
ulation in agriculture dropped from 35% to less than
10%. Notwithstanding the general decline in agri-
culture, the horticultural sector has maintained steady
growth, from 14% of the gross value of agriculture in
1980 to 25% (about $1.65 billion) at present. This has
been achieved on only 4.7% of the total agricultural
land. Fruits contribute 48.5% of the total value of hor-
ticultural produce. Citrus is the largest single
contributor, accounting for 32.8%, subtropical fruits
contribute 12.9% and deciduous fruit combined with
table grapes, 54.3% (Abstracts of Agricultural Sta-
tistics 2000).

South Africa’s return to the international fold in the
early 1990s resulted in a major boom for exporters.
Since 1990, fruit exports have increased dramatically
from less than Rand (R) 1 billion to an estimated R4
billion per annum. New export markets opened up and
new trade agreements were established once sanctions
were lifted. Provided South African fruit exporters
remain competitive in terms of quality and price and
the industry can adapt to changing requirements, this
growth could be maintained in the years to come.

 

Development of Quality Standards 
and Certification Systems in South 

Africa

 

Quality standards evolved in South Africa long before
the arrival of Western civilisations. However, coloni-
alism greatly influenced and structured quality
standards over the past 300 years. Indigenous black
nations were applying quality standards in metal and
wood works, tribal architecture, agriculture and trade.
In 1652, the first Dutch settlement was established at
the then Cape of Good Hope (Cape Town), to provide
fresh produce to Dutch ships, which were en route to
the East Indies, based on Dutch standards. British
standards were introduced with the first occupation of
the Cape in 1795 by the English and were used
alongside Dutch measuring and weighing standards
even after the Cape was handed back to the Dutch in
1802. With the second British occupation in 1806, the
British imperial system was introduced and trade and
agricultural standards in South Africa were based on
the British systems for the remainder of the 19

 

th

 

century.

 

South African standards

 

In 1910, the Union of South Africa was formed as a
member of the British Commonwealth. The British
Standard Institute (BSI), which was eventually
replaced by the South African Bureau of Standards
(SABS), had a strong influence on the development of
quality standards in South Africa. SABS was officially
formed in 1945 to improve the quality of South
African products through the development of
generally accepted standards. Acceptance of standards
was voluntary for the most part and compulsory
standards were only enforced in exceptional cases.
With the appearance of poor quality products in
certain sectors, minimum standards were introduced to
prevent the sale of such inferior products.
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Based on the development of “The Operational and
Evaluation of Quality Assurance Systems” (BS
5179:1974) in Britain, the first quality management
standards were published in South Africa (Pelser
1995). Based on BS 5179, the first quality man-
agement standard was published in South Africa,
namely SABS 0157 of 1979. Increasing demand for
the implementation and certification of such quality
management systems necessitated the establishment
of a listing scheme. The national listing scheme for
quality auditors, namely the South African Committee
for the Certification of Quality Auditors (SACCQA)
was established during the mid-eighties and is still
responsible for the independent listing of quality
auditors. The first company was listed in 1983 and by
1999 the number of listed companies had grown to
approximately 3,000, representing companies from all
sectors but mostly mechanical engineering companies
(40%). Seventy-six certified companies (2.5%) are in
the food and beverage industry.

The International Standards Organisation (ISO)
9000 document was published in 1987 and SABS
0157 of 1979 was revised to that of SABS 9000 in
1992. Today, the SABS ISO 9000–9004 series of
standards form the backbone of quality schemes used
by South African producers or marketers to
benchmark against international competition.

In 1990, with the debanning of the African National
Congress, South Africa entered a new era with regard
to politics and economics. Apartheid ended and a new
government came in power in 1994 under leadership
of President Nelson Mandela. A new South Africa was
born accompanied by a drive to improve the quality of
life of all its people. The SABS initiated an extensive
plan to implement quality standards nation-wide
working within existing social, political and eco-
nomical restrains. This initiative resulted in the
registration in 1991 of the South African Quality
Institute as a non-profit company in terms of Section
21 of the Companies Act.

The rapid growth in global trade has necessitated the
need for international standards to be harmonised in
order for all countries to complete equally and fairly.
South Africa became a signatory to the Agreement on
Technical Trade and Barriers (TBT) of the World
Trade Organization (WTO) in 1994, agreeing to
comply with its code of good practice for the prepa-
ration, adoption and application standards. In 1995,
South Africa also signed the General Agreement on
Tariffs and Trade (GATT) treaty that necessitated a
revision of its existing standards legislation. Conse-
quently, in order to allow other organisations, both

locally and internationally, to test products for com-
pliance with the SABS standards, the range of SABS
marks was modified. Before South Africa’s
acceptance of GATT in 1995, SABS was the only
body authorised to apply certification marks to
products, but this new standard legislation introduced
an element of competition which countered the
monopolistic position of SABS in the field of quality
certification. Currently a number of certification
schemes exist in direct competition to SABS certifi-
cation, including Safe Quality Food (SQF™), SGS
International Certification Services (Pty) Ltd, and
Vertitas. Despite being aimed at different target
markets, all of these certification schemes embrace the
same concepts of total quality management, quality
assurance, quality control and ISO 9000 and/or Hazard
Analysis and Critical Control Points (HACCP)
principles.

 

Industry schemes

 

A number of voluntary schemes are in place in the
United Kingdom (UK), which require adherence to
standards or codes by members of trade associations.
Some of these are completely self-regulated and others
involve use of third-party auditors, assessors or
inspectors. Since the bulk of the South African exports
go to the UK, these industry schemes would be appli-
cable and regulated from abroad.

In South Africa, the different growers’ associations
are in the process of presenting minimum production
guidelines to growers based on good farming prac-
tices. Most of these codes have been developed
specifically for South African growers taking into
account our unique socio-political situation, geo-
graphical position, climatic conditions, cultural
practices, and export markets and their requirements.
The most notable of these is the previous Outspan
quality production guidelines and integrated pest man-
agement certified programs. The Sunshine Seal of
Quality and the quality management system have been
implemented successfully with most growers and
packers exporting through Capespan. However, this
remains a contentious issue with citrus growers
exporting through other channels who do not have
access to this information. Although Capespan regard
this as their competitive edge, ‘outside’ growers feel
that the system was initially developed before deregu-
lation and the information is therefore a national asset.
More recently, the South African Mango Growers’
Association has completed their quality assurance
guideline for both internal and external markets and
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the South African Avocado Growers’ Guideline is
almost complete.

The deciduous fruit industry has followed an inte-
grated fruit production (IFP) system since 1992.
Currently this system is being upgraded to a complete
grower guideline in line with new legislation on food
safety and compliance with international standards of
Good Agricultural Practices (GAP). The estab-
lishment of necessary guarantees to satisfy
international markets and to audit the system are being
developed for implementation in 2001 as part of a
vision 2010 strategic plan.

 

Distributors’ own brands and contracts

 

Most distributors’ own brand products—also
referred to as ‘own label’ products—are produced by
third-party packers against very specific standards.
The majority of the brand owners conduct technical
audits of their suppliers at regular intervals and/or use
third-party auditors for this purpose. ISO 9001 certifi-
cation can assist in reducing the depth of audit in the
quality systems area and minimise duplication of
effort where one producer is manufacturing for several
distributors’ own brands (Bolton 1997).

Fruit producers from South Africa supplying inter-
national supermarket and retailer groups (e.g. Tesco
and Euro Retailer Group) must also adhere to internal
codes of conduct or GAPs as stipulated by these cus-
tomers. The codes of conduct and quality prerequisites
prescribed by these supermarket and retailer groups
are typically more stringent than minimum standards
required by UK and European Union legislation. It is
thus possible to encounter a requirement to meet ISO
standard components without there being a
requirement to hold the certification itself.

In South Africa, retail groups (e.g. Woolworths) and
their suppliers (e.g. GEEST) have their own grower
guidelines based on GAPs. These distributors’ own
brands are currently regarded as special niche markets
in South Africa and are gaining in popularity. This is
particularly evident since deregulation, where bigger
commercial growers opted for direct super chain store
linkages.

 

Ethical trade

 

Over the past year, corporate codes of conduct have
become an increasingly important issue, particularly
since the formation of the Ethical Trading Initiative
(ETI) in 1997. Supermarkets are playing an important
role within the ETI, and the main European Union

supermarkets are in the process of introducing codes
of conduct to their suppliers (Barrientos et al. 1999).
Worldwide human rights issues such as child labour,
exploitation of workers—particularly female workers,
unfair wages etc. have become a contentious issue. A
large proportion of the workforce within developing
countries is female, particularly in the production of
food. This is especially so in the case of fresh produce
in South Africa.

Ethical trade covers the assurance of good labour
and environmental standards in export production,
within all developed and developing countries (Barri-
entos et al. 1999). Several fair trade assigned
organisations, i.e. Max Havelaar, are currently negoti-
ating with South African producers to market their
fresh products abroad under the fair trade banner.
These selected niche markets are currently gaining
popularity in South Africa as a viable alternative for
disadvantaged producers.

 

Previously disadvantaged producers

 

Another selected niche market developing in South
Africa is partnerships between growers and farm
labourers. In certain partnerships, growers (particu-
larly grape growers) have given labourers part of the
land, guidance, training in specific skills, equipment
and funding from (generally) non-government organ-
isations, to establish and develop their own products.
One such success story is Thandi Wines produced in a
partnership with Paul Cluver Wines, with a vision to
assist the historically disadvantaged community in
reaping the fruits of their labour.

 

Harmonized Generic Framework for 
African Codes of Practice for the 
Horticultural Sector (COLEACP)

 

In eastern and southern African countries several
Codes have been, or are being, developed under
separate initiatives by the respective export trade asso-
ciations. The use of several African Codes containing
different standards risks undermining the position of
African export products in the European markets by
creating confusion in the marketplace. In order to
improve market recognition of African produce and to
respond to the market demands for environmentally
and socially responsible conditions of production,
COLEACP took the initiative to encourage horticul-
tural export associations from eastern and southern
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African countries to move towards harmonisation of
their Codes of Practice. 

During a November 1999 meeting, a harmonised
framework was developed which will be evaluated on
a yearly basis. The specific objectives and core criteria
include:

a) Ensure the welfare of workers and out-growers
(fair remuneration, fair labour conditions, no
exploitation of minors and fair purchasing
policy for producers /out-growers);

b) Ensure workers’ occupational health and safety
(preventing risks and adequate provision of
health services);

c) Control and reduce environmental degradation
from agrochemical use (reducing quantity
used; ensuring safe transport, usage, storage
and disposal thereof; and minimising or
avoiding environmental contamination); 

d) Safeguard soil, water and air (sustainable water
resource and land use management, soil con-
servation, management of hazardous waste,
reduction in in use of non-renewal energy
resources, use of environmentally friendly
packaging);

e) Safeguard consumer health (through due
diligence in crop production and pesticide use,
safeguarding of product from contamination
throughout the chain, identification and control
of hazards, ensuring the personal hygiene of
workers, effective temperature management to
prevent spoilage, and ensuring that packaging
material is not a source of contamination).

 

Development of South African 
Agricultural Export Product 

Standarisation

 

The Cape Government requested the appointment of
an officer to inspect export fruits shipped from Cape
Town Harbour in 1899. Inspection Regulations were
drafted and in 1904 an official inspection officer was
appointed. However, participation in inspections was
voluntary until 1910 with the establishment of the
Union of South Africa. The Export Fruit Act No. 1 of
1910 was publicised and inspections of export fruits
became compulsory. The Fruit Export Control Board
(FECB) was established in 1925 to distribute and
assign vessel space to citrus and deciduous fruit
exporters. The FECB board was replaced in 1926 by
the Perishable Products Export Control Board
(PPECB) through Act No. 53 of 1926. Its main

objective was to ensure equal space allocation for
exporters of all perishable products. In addition,
PPECB was responsible for formulating temperature
regimes and for treatments of various products, and to
ensure that these were effectively applied throughout
the export and marketing chain.

Extensive investigation by the Commission of
Administration led to the privatisation of PPECB and
promulgation of the Perishable Products Export
control Act No. 9 of 1983. This Act provided for
PPECB control of all perishable products intended for
export from South Africa and all matters connected
therewith. Following specific requests by major export
industries, the Ministry of Agriculture in 1990
delegated all export quality inspection functions of
agricultural products to PPECB in terms of the Agri-
cultural Product Standard Act No. 119 of 1990. This
Act provides for control over sales and export of agri-
cultural and related products and all relevant matters
related to endpoint inspections and quality assurance
along the marketing chain ‘from the gate to the plate’.
PPECB is responsible for 226 different types of
products at 679 permanent inspection points around
South and southern Africa (including Zimbabwe,
Mozambique, Swaziland and Namibia). The total
volume of sea exports handled by PPECB is seven
million m

 

3

 

 per annum (p.a.), valued at R24 billion p.a.,
and exports have grown at an average of 30% p.a. over
the last five years.

Today, PPECB is an independent statutory body
functioning under the two acts, and is divided into four
independent departments namely (a) quality assurance
and logistics; (b) technical services; (c) financial
services; and (d) human resources and development.
Only relevant issues pertaining to the first two depart-
ments will be discussed.

 

Department of Quality Assurance 
and Logistics

 

The objective of this department is to verify export
product conformity to specific regulations and the
maintenance thereafter, including handling, storage
and transport. All products are inspected at the point of
dispatch. Upon approval, an export certificate is issued
and pallets marked with the PPECB mark of approval.
Product samples are also tested at two state labora-
tories for maximum pesticide residue levels and
dangerous substances. All ship holds and containers
are inspected and temperatures monitored to comply
with prescribed standards.
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Department of Technical Services

 

This department is responsible for research, and
product, equipment and systems development. This is
achieved through cooperation with research institutes
such as the Agricultural Research Council (ARC), uni-
versities and various international institutes. Product
handling, storage and transportation systems are
refined and improved and recommendations made
accordingly. New opportunities in technology and
marketing are identified, evaluated and developed into
practical commercial applications. Product systems
for various South African perishable product export
industries have been developed according to interna-
tionally prescribed procedures such as ISO and
HACCP. The department is accredited by the United
States Department of Agriculture (USDA) and other
state departments of agriculture, including those of
Japan and Taiwan.

 

Deregulation and Its Effect on the 
South African Agricultural Sector

 

The new government of national unity, elected in
1994, introduced numerous policy changes directly
affecting agriculture. These included the promulgation
of the Marketing of Agricultural Products Act, No. 47
of 1996. This act nullified the era of controlled, single
marketing, which was established during the 1930s for
most agricultural products. The objectives of the new
Act were to promote efficiency in agriculture, increase
market access, optimise export earnings and promote
the viability of the sector (Kirsten and Vink 2000). In
addition, the National Agricultural Marketing Council
was set up, with the main function of monitoring the
limited market interventions and thereby preventing
market distortions. The main functions of the previous
Act (the control boards) were to implement market
interventions.

In addition, the new government embarked on a
process of trade policy reform aimed at reversing
decades of ‘inward industrialisation’ strategies
(Kirsten and Vink 2000). This exposed business to
tariffs that were often below the bound rates nego-
tiated at the Uruguay round of GATT. However, tariffs
on agricultural goods had been reduced faster than
required by GATT. The fact that South Africa gained
membership of the Cairns group signalled the
countries intention to unilaterally liberalise farmer
support programs. In the interim, South Africa has
successfully negotiated a free trade agreement with the
European Union, has agreed to the new South African

Development Counties (SADC) protocol and re-nego-
tiated the new Southern African Customs Union treaty
(Kirsten and Vink 2000).

The final aspect was labour market reforms, which
resulted in new legislation becoming more applicable
to the agricultural sectors. Other new agricultural
policy initiatives focused strongly on the transfor-
mation, reconstruction and development of small-
scale farmer systems. These programs are becoming
more important to ensure sustained growth in agri-
culture within an equity structure (Van Rooyen and
Nene 1996). In future, systems will increasingly be
introduced to establish new and emerging farmers in
the wider South African environment.

The competitive status of agribusiness in South
Africa was recently determined and revealed that the
majority of commodity chains are marginally compet-
itive (Esterhuizen and Van Rooyen 2000). Except for
wheat, maize, apple and pineapple chains, the compet-
itive index generally decreases when moving from
primary to processed products. This implies that
value-adding opportunities in South Africa are
restricted. In order to ensure global competitiveness,
improvements in the whole supply chain should be
made. It is no longer good enough for growers to
compete globally at the farm-gate level. Due to long
held market interventions, regulation and control,
growers grew complacent in taking responsibility for
the quality of their product all the way through the
marketing chain. It was generally perceived in South
Africa that the growers’ responsibility stopped at the
farm gate and that the regulatory control board had to
take the full responsibility from the gate to the plate.
This incorporated marketing, transport, shipping and
selling that is often managed through a pool system. In
certain cases these systems of no traceability and non-
accountability bred mediocrity and suboptimal quality
through sloppy management practices.

With increased global competition South African
exporters will now have to take more responsibility for
their product and be accountable for its standards and
safety. This is inevitable if our agricultural export
industry is to survive, as increased competition from
more sophisticated and adaptive competitors can
easily destroy our competitive edge in the market-
place. Adding to these internal political and social
changes, ongoing restructuring processes and major
transformations in agriculture all contribute to uncer-
tainty and insecurity, which further threaten our export
industry. Taking note of new changes in the market-
place and adapting to new minimum requirements for
food safety and quality can ensure that we ‘ride the
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storm’ and thereby strengthen our export-orientated
fruit industries.

Deregulation has had a positive impact on the
consumer price index with food inflation declining
from a high of 25% in 1992 to around 7.5% currently.
Deregulation has also attracted new business and
investments from domestic and foreign investors and
created new business and job opportunities in farming
and associated industries to replace the activities of the
various control boards. This is illustrated by the fact
that new company registrations in the agricultural and
fishery sectors increased by 209% between 1994 and
1997. Deregulation has also resulted in changes in
cropping patterns with the focus shifting from uncom-
petitive field crops to the cultivation of high value
horticultural production.

 

Land Reform and Redistribution

 

With current redistribution policies in Zimbabwe,
South African landowners are very much aware of the
disproportional ownership of agricultural land in the
hands of white commercial farmers. Current South
African government policies are aimed at redistrib-
uting land through organised programs and hope to
avoid the land grab chaos eminent in Zimbabwe.
Current estimated figures place 70% of agricultural
land in the hands of white commercial farmers
(Huntley et al. 1989). Current emphasis on devel-
opment, research and extension services for emerging
black farmers, small-scale farmers and subsistence
farmers are high on the agenda of government depart-
ments and funding organisations such as the USA
Kellogg’s Foundation. Developing quality assurance
and food safety systems for these categories of farmers
are another high priority for the Department of Agri-
culture, and are currently being developed by the
Department and the post-harvest technology hub of
the University of Pretoria and the Scientific Research
Council (CSIR).

 

Legislation Affecting 
Quality Assurance or 

Good Farming Practices

 

Since the rebirth of a new South Africa in 1994,
changing political or economical climates signifi-
cantly influenced the introduction of new legislation
and revisions to existing legislation, incorporating
lessons from the past. South Africa is also committed
(a) to the observance of internationally agreed core

labour standards, (b) to address global environmental
problems and (c) to ensure quality and safety of
products through its legislation.

 

Core labour standards

 

Free trade and globalisation increase competition
between countries and negatively impact on labour
costs. The International Labour Organization founded
core labour standards that are used as base codes in the
Ethical Trading Initiative (ETI). These are minimum
standards that are voluntarily adopted to raise labour
standards.

 

Unemployment Insurance Act (UIA), 1993

 

This Act is the first labour legislation to cover farm
workers and provides for the creation of an Unem-
ployment Insurance Fund (UIF) for farm workers.

 

Occupational Health and Safety Act, 1993

 

This Act provides for the health and safety of
persons at work, persons in connection with the use of
plant and machinery, and the protection of others
against health and safety hazards arising out of or in
connection with the activities of persons at work.

 

Labour Relations Act, 1995

 

This act provides employees with the freedom of
organisation to join a union. Unionised employees also
have the right to strike. Unions who are sufficiently
represented must be allowed to enter farms/work-
places and have access to their members. Employees
have also the right to decision-making in the
workplace through the formation of a workplace
forum. The formation of such a forum is permitted if
more than 100 people are employed and if it supports
the majority union. Workers that are unfairly
dismissed have the right to be represented by their
union in subsequent negotiation with their employers
and other interested parties.

 

Employment Equity Act, 1998

 

The Act aims to provide for employment equity
through the implementation of affirmative action
programs for a designated group of employees and to
eliminate unfair discrimination in the workplace. This
designated group of employees includes African
people, women and people with disabilities.

 

Skills Development Act, 1998

 

This Act aims to develop and improve the skills of
the South African workforce and to provide for
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education that leads to recognised occupational
qualifications.

 

Basic Conditions of Employment Act, 1997

 

The purpose of this Act is to advance economic
development and social justice through establishing
and enforcing basic conditions of employment and to
regulate the variation of basic conditions of
employment. The Act also makes provision for farm
workers and provides greater protection for temporary
and seasonal workers.

 

Extension of Security of Tenure Act (ESTA), 1997

 

This Act protects occupiers living on agricultural
farms with the permission of the landowner. The Act
prohibits unlawful evictions and provides a greater
tenure security to farm workers living on the farm.

 

Global environmental problems

 

Agriculture is a prime user of natural resources and
despite its advantage as a supplier of foreign exchange,
food and employment opportunities in South African
economy, a high price has been paid with the degra-
dation of natural ecosystems.

 

Environmental Conservation Act, 1989 
(Act No. 73 of 1989)

 

This Act provides for the effective protection and
controlled utilisation of the environment.

 

Quality and safety

 

Trade Metrology Act, 1973 (Act No. 77 of 1973)

 

This Act, which replaced the previous Weights and
Measures Act, 1958 and amendments thereafter, stip-
ulates that products must conform to quantity
statements as indicated and comply to weights,
measures and standards regulations.

 

Health Act, 1977 (Act No. 63 of 1977)

 

This Act, which replaced the old Public Health Act
of 1919, makes provision for measures to promote the
health of South African people. The responsibilities of
various health services and the rendering of health
services are stipulated. Amongst others, legislation
requires that preventative action must be taken to
eliminate transmission of infectious diseases.

The latest amendment to the Act, revised on 17 July
1999, specifies requirements relating to hygiene and
the transportation of food. Certificates of acceptability
by food handlers are now required and regulations
stipulate minimum requirements for food premises,

such as building requirements, ventilation, illumi-
nation and sanitary facilities. Surfaces should be
cleaned and washed before and after food handling
with a cleaning material that will not contaminate the
food. The Act permits a maximum of 100 viable
microorganisms/cm

 

2

 

 upon analysis taken by the swab
technique (SABS Standard Test Method 763). The
handling of food is not permitted without handlers
wearing suitable protective clothing and food handlers
must apply basic hygienic habits. Spitting, smoking,
eating or drinking is prohibited in a food handling
area. Cleanliness (chemical, physical and microbio-
logical) is a prerequisite for food containers and the
parts of vehicles in which food containers are trans-
ported. Storage, display and transport of perishable
food must be at a core temperature in order to maintain
food quality. Inspections of premises may lead to the
evacuation, closing and demolition of those premises
not adhering to required specifications. Individuals
may also be prosecuted for failing to comply with any
provision of this Act.

 

Agricultural Product Standard Act, 1990 
(Act No. 119 of 1990)

 

This Act provides minimum standards for the export
of produce. Individual specifications are listed and
specifications and regulations are revised on an
ongoing basis. Aspects specified in the Act cover
quality standards of produce as well as produce com-
pliance with packing requirements. requirements for
containers in which produce are packed, the marking
and labelling of containers, and inspections. Produce
is inspected for uniformity and quality standards, the
presence of arthropods and prescribed residue limits.
Exporters are also required to provide inspectors with
details of the preharvest spray program that was used
on trees and postharvest chemical treatments on fruits.

 

Regulations regarding control over the sale of
organically produced products in the South Africa

 

 was
recently drafted as an extension of the Agricultural
Product Standards Act, 1990. This new Act provides
general standards for organically produced products
and makes provision for the improvement of
landscape and biodiversity through production
measures employed.

 

General guidelines for code of practice, regarding
general principles of food hygiene, in the agricultural
food industry

 

 are being drafted and will be based on
phytosanitary, ISO 9000 and HACCP principles.
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Perishable Product Export Control Act, 1983 
(Act No. 9 of 1983)

 

This Act provides for the control of perishable
products intended for export from the Republic of
South Africa and provides for the continued existence
of the Perishable Products Export Control Board
(PPECB).

The functions of the board are as follows: to (a)
control the export shipment of perishable products
from the Republic and the order of shipment thereof at
all ports; (b) determine which ships are suitable for the
conveyance of perishable products and the class of
accommodation to which any perishable product shall
be assigned; (c) call for and receive from intending
exporters of perishable products estimates and other
particulars of their intended exports; (d) call for and
receive from ship owners or their representatives,
information regarding the amount of space suitable for
the conveyance of perishable products available on
any ship appointed to call at any port in the Republic;
(e) arrange for the provision of port facilities and
shipping space; (f) divert ships to most suitable ports;
(g) investigate conveyance and cold storage require-
ments for perishable products and make
recommendations thereon; (h) make recommenda-
tions regarding the way perishable products are
handled during transport; (i) promote uniform freight
rates in respect of the export of perishable products,
with due allowance for particular perishable products,
port of export and means of conveyance; and (j)
perform such other functions related to the export of
perishable products from the Republic as may be pre-
scribed by regulations.

The Act also provides for the imposition of levies
payable to the Board by exporters of perishable
product to meet expenditures incurred by the Board.
Levies are determined by the type of transport, time of
year, and the category and quality of the perishable
product that has been exported.

 

Marketing of Agricultural Products Act, 1996 
(Act No. 47 of 1996)

 

The objectives of this Act are to (a) increase the
market access for all market participants; (b) promote
the efficiency of the marketing of agricultural
products; (c) optimise export earnings from agricul-
tural products; and (d) enhance the viability of the
agricultural sector. This Act also provides for the
establishment of a National Agricultural Marketing
Council (NAMC) that replaced various control boards
and the National Marketing Council (NMC) created
under the previous Act. Whereas the main function of

the now defunct control boards and NMC was to
implement market interventions, the NAMC only
monitors those few interventions that are permitted to
prevent the creation of market distortions that could
adversely affect the welfare of the agricultural sector
or the country at large.

 

Conclusions

 

With the ever-growing world population there will
remain an increased need to store agricultural produce
for longer periods of time. This will be required to
accommodate global movement of produce to regions
where there is a demand for or shortage of the par-
ticular commodity and for regional local storage of
their crops for periods of extended marketing.
Increased competition on the export markets from
emerging, underdeveloped countries and the simulta-
neous ‘wider’ range of exotic fruits and vegetables
they can deliver all year round, will shift the emphasis
to effective marketing and quality assurance.
According to Basker (1988), quality of a horticultural
product is a composite of those characteristics that
determine the degree of acceptability by a consumer.

Ensuring food safety throughout the food supply
chain requires a comprehensive and coordinated
effort. The responsibility to safeguard the food supply
is shared by everyone involved, from farmers to con-
sumers. This includes growers, farm workers, packers,
shippers, transporters, importers, wholesalers,
retailers, government agencies, and consumers.

There is a great need in Southern Africa to develop
an economically acceptable, practical management
system to minimise microbial food safety hazards.
Once prerequisite programs such as GAP are in place,
it is important to ensure that the process is working
correctly and is sustained. Without accountability to
ensure the process is working, the best attempts to
minimise microbial food safety hazards in fresh fruits
and vegetables are subject to failure.

South Africa is well positioned to extend its market
share, providing it can maintain its high level of
research and technology development capacity and
redress imbalances of the past. A systematic approach
of bringing emerging black farmers and small-scale
farmers on board the export ‘bus’, and in particular
developing niche markets for these growers, will
ensure political and economic stability in the region
and continent. The challenges are enormous for South
African agriculture and require visionary thinkers that
will lead the way.
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Use of a High-temperature, Forced-air Quarantine 
(Non-chemical) Treatment for

Fiji Export Commodities

 

S. Kumar*

 

Abstract

 

Exports from Fiji were greatly affected when the fumigant ethylene dibromide was lost as a quarantine
treatment. However, the use of a high-temperature, forced-air (HTFA) treatment, introduced to Fiji through the
Nature’s Way Cooperative (Fiji) Limited, has allowed not only re-establishment but also expansion of the
export market for papaya, eggplant and breadfruit. The market potential for these commodities in New
Zealand, Australia and Canada is discussed.

 

I

 

NCREASING

 

 

 

ENVIRONMENTAL

 

 and health concerns of
importing countries have created both problems and
opportunities for exports. The fumigant ethylene
dibromide was lost as a quarantine treatment (fruits
and vegetables) in 1992 and methyl dibromide (root
crops) is being phased out because of the damage it
causes to the ozone layer.

However, meeting the low pesticide residue
requirement of importing countries has increasingly
become a part of the quality standards that must be met
for successful high-value exports. Taken a step
further, some Fiji farmers are now starting to take
advantage of the significant and growing market for
certified organic products.

 

Background

 

Fiji’s potential for developing significant fresh fruit
export industries has been identified in numerous con-
sultancy reports and development plans over the last
20 years or so. At last this potential is now starting to
be realised. Nature’s Way Cooperative (Fiji) Limited
(NWC), through the high-temperature, forced-air
(HTFA) quarantine treatment facility it operates, has

contributed to the progress now being made in the
diversification of Fiji’s agricultural exports.

 

Expanding Exports to New Zealand

 

When the fumigant ethylene dibromide was lost as a
quarantine treatment in 1992, the modest export trade
in fresh fruit to New Zealand and Australia was largely
lost. Fiji responded more quickly than most of its com-
petitors, including Australia, by adopting the non-
chemical HTFA quarantine treatment technology.
NWC’s HTFA facility was certified for the export of
papaya to New Zealand in October 1996. Certification
for eggplant, mango and breadfruit soon followed, and
exports to New Zealand have grown steadily (Table 1).

 

Nature’s Way Cooperative (Fiji) Ltd

 

NWC owns and operates the HTFA facility at Nadi
Airport. The Cooperative has 86 financial members,
made up of 72 farmers and 14 exporters. NWC
provides the quarantine treatment service to its
members. The Cooperative also packs the fruit for the
exporter after treatment. For this service, exporters are
charged a fee of 40 cents/kg of fruit treated. The man-
agement of the facility is under the responsibility of a
Board of Directors, with day-to-day operations under
the direction of the facility manager.

* Nature’s Way Cooperative (Fiji) Limited, PO Box 9825, 
Nadi Airport, Fiji Islands.
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New Zealand Assistance Received

 

The Fiji–New Zealand Business Council and the New
Zealand Overseas Development Agency (ODA)
played a critical role in the success of the NWC. A
grant of NZ$16,500 was received from the Fiji/New
Zealand Council for the initial training of NWC staff.
New Zealand ODA provided a working capital seed
grant of NZ$40,000 that enabled the quarantine
treatment business to become operational. NWC is
very appreciative of the assistance that has been
provided by New Zealand.

 

NWC Operations Are Now at
a Watershed

 

NWC has now proven itself as a substantial and viable
business. In 1998, it handled 391 t of produce that had
a free-on-board value of around $1.4 million.
However, the Cooperative now faces a major increase
in the demand for quarantine treatment. Demand
pressures are coming from four main areas:
• increasing eggplant sales to New Zealand;
• the commencement of breadfruit exports to New

Zealand;
• the opening up of the Australian market for papaya

and eggplant; and
• the re-establishment of the Canadian market for

papaya and eggplant.

 

Continued Expansion of Eggplant 
Exports to New Zealand

 

The emigration of Indo-Fijians has created a strong
export market in New Zealand and Canada for
eggplant varieties from ‘home’. Also, during the
winter, eggplant cannot be grown outdoors in these
countries. By the early 1990s, around 100 t was to be
exported annually to Canada and around 20 t to New

Zealand. However, the loss of ethylene dibromide
(EDB) as a quarantine treatment severely disrupted
this trade.

In 1997, NWC’s HTFA unit was certified for the
export of eggplant to New Zealand — the first HTFA
facility in the world to be certified for eggplant. HTFA
treatment, unlike EDB fumigation, achieves out-
standing results in terms of fruit quality and shelf life.
Thus market development of HTFA-treated eggplant
has exceeded all expectations. In 1998, some 185 t
were exported. Eggplant exports were previously
confined to a narrow winter window when no locally
grown eggplant was available, and sales were
restricted to the Auckland area. However, with the
improved quality and shelf life of HTFA-treated fruit,
eggplant shipments now continue year round and are
distributed throughout New Zealand. New Zealand’s
Fijian community remains the cornerstone of the
market. However, Fijian eggplant is now competing
with the locally grown product on the broader New
Zealand market. The ‘Black Beauty’ variety is now
specifically being grown for this market. Thus,
eggplant exports to New Zealand were projected to
exceed 200 t in 1999 and likely to exceed 250 t in the
medium term.

 

The Commencement of Breadfruit 
Exports to New Zealand

 

Breadfruit, a popular staple for most Pacific Island
communities, has market potential approaching that of
other root crops in New Zealand, Australia and the
United States. However, breadfruit is well known as a
fruit fly host. Quarantine restrictions have meant that
this potential has not been anywhere near realised.
Exports have only been in frozen and cooked form,
which has restricted any real market development.

A major breakthrough occurred in February 1999
with the certification of the Fiji HTFA facility for the
export of breadfruit to New Zealand — again, a world

Table 1. Produce treated by the Nadi high-temperature, forced-air (HTFA) facility, 1996–1998.

Commodities 1996 (kg) 1997 (kg) 1998 (kg) Total (kg) Estimated value a 
(F$)

Papaya 33 037 90 010 85 965 209 012 836 048

Mango – 23 072 120 209 143 283 429 843

Eggplant – 69 615 185 155 254 770 891 695

Total 33 037 182 679 391 329 607 063 2 157 586
a Free-on-board
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first. Breadfruit shipments were expected to
commence in June. NWC made a decision to delay the
first shipment until growers were registered and a bait
spray program was in place. Also, NWC’s manager
was undertaking shelf life tests for various HTFA-
treated breadfruit varieties. It is anticipated that, as
with eggplant, HTFA treatment will enhance the shelf
life of breadfruit.

In 1998, the value of New Zealand root crop imports
was almost NZ$8 million. A 5% market share for
breadfruit of the New Zealand root crop market would
not seem unreasonable. This would mean treating in
the vicinity of 200–300 t of fruit, concentrated in the
two breadfruit seasons. Smaller, but significant,
markets could be expected in Australia and the United
States West Coast.

 

Opening Up of the Australian 
Market for Papaya and Eggplant

 

Progress in opening up the Australian market for
HTFA-treated papaya has been disappointingly slow.
Prior to the loss of EDB, Fiji was exporting 50–150 t
annually to Australia. Thus, it was assumed that this
market would be re-established soon after HTFA-
treated papaya shipments started to New Zealand.
However, it is only now that the Australian Quarantine
and Inspection Service has requested confirmatory
tests for papaya to be undertaken at the Nadi HTFA
facility. The expectation is that exports will commence
reasonably soon after these data have been submitted.
Papaya exports are expected to exceed 150 t annually
once the supply is available.

It is anticipated that eggplant shipments to Australia
will follow reasonably quickly after the certification of

papaya. Australia has a sizeable Fijian community
which, based on the New Zealand experience, offers a
significant market for HTFA-treated eggplant. Aus-
tralia’s largest ethnic communities, particularly
Melbourne’s Greek population, offer an even larger
potential market.

 

Re-establishment of the Canadian 
Market for Papaya and Eggplant

 

Prior to 1992, there were sizeable exports of papaya,
eggplant and other produce to Canada. These air-
freight exports were transshipped through Hawaii.
However, in 1992, the United States Department of
Agriculture (USDA) banned the transshipment of all
fruit fly host material through Hawaii. Indications are
that this ban will finally be lifted for HTFA-treated
produce. As a result of intervention of the United
States–Pacific Island Joint Commercial Commission,
a high-level USDA mission was to visit Fiji in June
1999 to inspect the HTFA facility.

Based on past export performance, several hundred
tonnes of papaya could be exported to Canada, once
the supplies are available. NWC’s exporters are
looking forward to sizeable eggplant exports to
Canada. In the past, more eggplant was exported to
Canada than to New Zealand.

The HTFA technology was developed by the Uni-
versity of Hawaii and Dr Mike Williamson is the
engineer responsible for commercialising HTFA tech-
nology. He has been closely involved in the Fiji
facility since its inception, commissioning the facility
and providing ongoing technical support and training
services. Dr Williamson is the Principal of Quarantine
Technologies International.
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Induction of Red Grapefruit Resistance to 

 

Penicillium digitatum

 

 and Chilling Injury by
a Short Hot Water Brushing Treatment

 

S. Lurie, R. Porat, D. Pavoncello, J. Peretz, B. Weiss, L. Cohen,
S. Ben-Yehoshua, E. Fallik and S. Droby*

 

Abstract

 

Postharvest heat treatments have been used for many years as alternative, non-chemical methods to control
fungal diseases and insect infestation in fruits and vegetables. In this study, we examined the effects of a new
hot water brushing (HWB) treatment, which sprays hot water on fruit as they move along a belt of brush rollers,
on the resistance of red grapefruit (

 

Citrus paradisi

 

 ‘Star Ruby’) to green mould decay caused by 

 

Penicillium
digitatum

 

 (Pers.: Fr.) Sacc. and on the development of chilling injury (CI) symptoms during cold storage. We
found that a 20 s HWB treatment at 59°C and 62°C reduced decay, after artificial inoculation of wounded fruit,
by 52% and 70%, respectively, as compared to untreated fruit (control), whereas rinsing and brushing the fruit
with tap water (~20°C), or with hot water at lower temperatures of 53°C and 56°C, were ineffective in reducing
decay development. The HWB treatments were most effective in enhancing fruit disease resistance when the
fruit were inoculated 1 or 3 days after the heat treatments, and were much less effective when the fruit were
inoculated on the same day or after 7 days. The HWB treatments at 59°C and 62°C for 20 s also significantly
reduced the CI index and the percentage of fruit displaying CI symptoms after 6 weeks of storage at 2°C and
an additional week at 20°C by 42% and 58%, respectively, as compared to untreated fruit. Again, rinsing and
brushing the fruit with tap water, or HWB treatments at lower temperatures of 53°C and 56°C, had no
significant effect on CI incidence. The HWB treatments further cleaned the fruit and improved its general
appearance without causing any surface damage, and did not influence fruit weight loss, percentage of total
soluble solids in the juice, juice acidity, or fruit colour.

 

H

 

EAT

 

 

 

TREATMENTS

 

, including hot water dips, vapour
heat and forced hot air, have been used for many years
as non-chemical methods to control fungal rots and
insect infestation in various fruits and vegetables
(Couey 1989; Barkai-Golan and Phillips 1991; Lurie
1998). In addition, some of these heat treatments have
also been used to enhance the tolerance of commod-
ities to chilling injury (CI) development during cold
storage (reviewed by Lurie 1998). During the last few
years, physical heat treatments have received
increasing interest due to the de-registration of a
number of chemical treatments that have previously
been used to control postharvest pathogens, and
because of the public interest in chemical-free
produce.

In the present study, we examined the use of a recent
improvement in the hot water dip treatment, which has
been developed to comprise a hot water rinsing and
brushing treatment (Fallik et al. 1999). The advantages
of this technique are that it simultaneously cleans and
disinfects the fruit; it fits into the packinghouse sorting
line; and it requires a much shorter exposure time
(10–30 s) than the conventional hot water dip treat-
ments, which usually require a few minutes.

 

Materials and Methods

 

Plant material and storage conditions

 

Red grapefruit (

 

Citrus paradisi

 

 ‘Star Ruby’) were
obtained from a local orchard and used on the day of
harvest. For storage experiments, fruit were kept for 6
weeks at 2°C and then transferred for another week to

* Department of Postharvest Science of Fresh Produce, 
Agricultural Research Organization, The Volcani Center, 
PO Box 6, Bet Dagan 50250, Israel.
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shelf-life conditions at 20°C. The relative humidity
was 90% in both storage rooms. Each treatment
included 4 boxes, each containing 30 fruit, and the
experiment was repeated 4 times with similar results.

 

Postharvest hot water brushing (HWB) 
treatments

 

HWB treatments at 53, 56, 59 and 62°C were
applied as a rinse onto fruit moving along a set of brush
rollers. The fruit were exposed to the different HWB
temperatures for 20 s. As a control, fruit were rinsed
and brushed with tap water (~20°C).

 

Effects of HWB on fruit resistance to 

 

Penicillium digitatum

 

Fruit were kept as control or were rinsed and
brushed for 20 s with tap water (~20°C), or at 53, 56,
59 or 62°C. On the same day, or after 1, 3 or 7 days, the
fruit were wounded with a dissecting needle (1 to 2
mm deep) at three sites around their stem end, and the
wounds inoculated with 20 µL of a 

 

Penicillium
digitatum

 

 (Pers.: Fr.) Sacc. spore suspension (10

 

4

 

spores/mL). Afterwards, the fruit were incubated at
20°C in plastic trays under humid conditions. The per-
centage of infected wounds was determined 4 days
after inoculation.

 

Evaluation of chilling injury (CI)

 

After 6 weeks of storage at 2°C and an additional
week at 20°C, fruit were classified into four categories
according to their CI severity: 0 = none; 1 = slight; 2 =
moderate; and 3 = severe. The CI index was deter-
mined for each treatment by multiplying the number of
fruit in each category by their score, and then dividing
this sum by the total number of fruit assessed. The per-
centage of fruit exhibiting CI symptoms was also
determined.

 

Results

 

Effects of HWB treatments on fruit 
resistance to 

 

P. digitatum

 

Fruit treated with the HWB machine at various tem-
peratures and inoculated 24 h later with a 

 

P. digitatum

 

spore suspension developed decay after 4 days at 20°C
(Figure 1). HWB treatments at 59°C and 62°C reduced
the proportion of wounds that developed decay

symptoms to 35% and 22%, respectively, as compared
to 73% in control, non-washed fruit, whereas rinsing
and brushing the fruit with tap water, or water at 53°C
or 56°C, had no significant effect on decay devel-
opment (Figure 1A). Moreover, the same HWB
treatments at 59°C and 62°C also reduced the rot
diameter in the wounds that developed disease
symptoms to 37 mm and 33 mm, respectively, as
compared to 60 mm in control, non-washed fruit
(Figure 1B).
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Figure 1. Effects of hot water brushing treatments on
the resistance of red grapefruit against
Penicillium digitatum. The percentage of
wounds that developed disease symptoms
(A) and rot diameter (B) were measured
after 4 days of incubation at 20°C. Bars with
different letters are significantly different at
the 5% level.
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By wounding and inoculating the fruit at different
times after the HWB treatments, we found that the
59°C and 62°C HWB treatments most effectively
reduced decay development when the fruit were inoc-
ulated after 1 and 3 days, but were much less effective
when the fruit were inoculated at the same day or after
7 days (Figure 2). Rinsing and brushing the fruit with
tap water, or HWB treatments at the lower tempera-
tures of 53°C and 56°C, were ineffective in reducing
decay development and in all these cases the rate of
decay was 70–80%.

 

Effects of HWB treatments on fruit 
tolerance to CI

 

HWB treatments at 59°C and 62°C reduced the
incidence of CI, as indicated by both the CI index and
the percentage of fruit displaying CI symptoms. The
HWB treatments at 59°C and 62°C reduced the CI
index to 0.59 and 0.42, respectively, compared to 1.03
in control, non-washed fruit (Figure 3A), and reduced
the proportion of fruit displaying CI symptoms to only
29.5% and 21.5%, respectively, as compared to 50.0%
in control, non-washed fruit (Figure 3B).

 

Effects of HWB treatments on fruit 
quality

 

None of the HWB treatments had a significant effect
on fruit weight loss, percentage of total soluble solids
(TSS) in the juice, juice acidity, TSS/acid ratio, or fruit
colour (as indicated by their hue angle) and similar
results were observed following different storage con-
ditions of 3 weeks at 11°C and an additional week at
20°C (data not shown).
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Figure 2. Effects of timing of inoculation after the hot
water brushing (HWB) treatments (at 59°C
or 62°C) on red grapefruit resistance to
Penicillium digitatum. Bars with different
letters are significantly different at the 5%
level.
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Figure 3. Effects of hot water brushing treatments on
the tolerance of red grapefruit to chilling
injury (CI) development during cold storage.
Fruit were kept as control or were rinsed and
brushed for 20 s at different temperatures.
The CI index (A) and the percentage of fruit
displaying CI symptoms (B) were measured
after 6 weeks of storage at 2°C and an
additional week under shelf-life conditions of
20°C. Bars with different letters are
significantly different at the 5% level.
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Conclusion

 

This new postharvest HWB treatment, that has already
been commercially adapted to clean and disinfect
various fruits and vegetables, can provide an alter-
native, non-chemical method to reduce decay devel-
opment, and allow storage at lower temperatures that
are unfavourable to the development the pathogens,
without causing any harm to the fruit.
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Implementation of Quality Assurance for 
‘Arumanis’ Mango

 

M.S. Mahendra* and N.O. Tridjaja†

 

Abstract

 

Quality of ‘Arumanis’ mango is expressed as a combination of characteristics, attributes, and properties which
are valued by consumers. Growers and collectors want their fruit to have a good appearance—free of (or few)
visual defects, but more importantly, the fruit must score high in yield, disease resistance, ease of harvest and
shipping quality. From the consumers’ point of view, the important quality attributes include appearance,
flavour, and long storage life.

In order to meet these objectives, quality assurance (QA) as a management and marketing tool will become
an integral part of commercial fruit production for ‘Arumanis’ mango in Indonesia. This paper reports on the
implementation of a quality assurance system related to operations in the production, distribution and
marketing of ‘Arumanis’ mango which focuses on market requirements, either domestic or international. It
also assesses the critical stages necessary to successfully implement quality programs.

 

Q

 

UALITY

 

 

 

ASSURANCE

 

 (QA) involves produce,
services, processes and people. It is a planned and
systematic integration of all these business compo-
nents. According to Bunt and Piccone (1994), in a
marketing sense, QA assures customers that they can
purchase a product with confidence, knowing that it
will meet all their expectations for that product. QA
is concerned with building and maintaining a
product’s reputation. In a production sense, it is
concerned with ensuring that the marketing goals are
achieved in the most consistent, cost-effective, and
efficient manner possible. QA is also designed to
consistently satisfy customer expectations by
defining objectives, planning activities, and con-
trolling variability.

‘Arumanis’ mango (

 

Mangifera indica

 

 L.) is one of
the most popular mango varieties in Indonesia. Mango
belongs to the family Anacardiaceae and originated in

India and the Southeast Asian area. ‘Cengkir’,
‘Golek’, ‘Gedong Gincu’, ‘Kopyor’ and ‘Manalagi’
are the other well known varieties in Indonesia.
However, ‘Arumanis’ mango is unique in its specific
taste and aroma, and also its high availability during
the mango season. In general, the central production
areas in Indonesia are: East Java (Probolinggo,
Situbondo, Pasuruan, and Gresik Districts), Central
Java (Pati and Rembang Districts), and northern Bali
(Buleleng District). Improving farm management
would give rise to better fresh fruit quality, which in
turn would have a direct impact in increasing the
growers’ income and welfare. In the long run, rural
development could be achieved which would then
strengthen the rural economic basis.

Handling of the ‘Arumanis’ mango fruit is not yet
professionally managed on a business scale, particu-
larly at the grower level. Quality standards are not
properly applied, and it seems that each district or
province has its own standard. This paper attempts to
provide some information in regard to the implemen-
tation of a simple quality assurance system for
postharvest handling of ‘Arumanis’ mango that may
assist in the design of handling systems suited to par-
ticular commercial marketing situations.

* Horticulture Section, Department of Agronomy, Faculty 
of Agriculture, Udayana University, Kampus Bukit 
Jimbaran, Denpasar, Bali, Indonesia.

† Postharvest Horticulture Division, Directorate of Farm 
Business and Processing Development, Directorate 
General of Fruit Crops and Horticulture, Ministry of 
Agriculture, Jl Ragunan No. 15 Pasar Minggu 12520 
Jakarta, Indonesia.
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The Current Preharvest Handling 
Situation

 

Anthracnose is the most serious disease of ‘Arumanis’
mango in all growing areas. It is caused by the fungus

 

Colletotrichum gloeosporioides

 

, which can affect
leaves, twigs, flowers and fruit. Stem-end rot is also a
significant cause of wastage in ‘Arumanis’ mango.
This disease is caused mainly by 

 

Dothiorella domin-
icana, Lasiodiplodia theobromae 

 

and

 

 Dothiorella
mangiferae

 

. The symptoms usually first appear at the
stem end of the fruit and spread down through the fruit
as it ripens, causing a progressive, brownish to black
discoloration and premature softening of the fruit.
Bacterial spot can also occur on fruit at harvest. Fruit
stalks are commonly infected with bacterial spot
causing them to become necrotic which results in fruit
drop.

Sap burn is a surface injury that occurs on the skin of
the mango when it comes into contact with stem sap
during harvesting. It appears as spotted or streaked
areas on the sides of the fruit. The damaged areas are
initially brown in colour but eventually desiccate and
darken. It is primarily regarded as a serious problem of
‘Arumanis’ mango because it detracts from the
appearance of the fruit and the injured areas can
provide sites for fungal infection.

 

Harvesting and Field Handling

 

Picking can incur significant costs to fresh ‘Arumanis’
mango crops when maturity, sap stain, stem-end rot
and bruising are not given sufficient attention by the
pickers. To minimise these problems, it is recom-
mended that fruit should be harvested individually by
clipping the stem about 5 cm above the fruit using
cutting tools attached to a pole with a catching bag
attached. Harvested fruit must be gently placed
directly into picking baskets. Harvesting should be
done early in the day when the fruit itself and field
temperatures are coolest. The harvested fruit should be
kept shaded and protected from direct sunlight, and the
harvested fruit should remain in the field for the
shortest time possible before transportation to the
packing shed. The field containers used to hold
harvested fruit should provide adequate protection
from injury. They should be of a design that will not
damage the skin, i.e. no rough surfaces, and not too
big. If bamboo baskets are to be employed, they should
be appropriately lined.

 

Packinghouse Operations

 

During transport from the field to the packinghouse,
care should be taken to avoid compression or impact
bruising. On arrival at the packing shed, the stems
should be removed by holding the stem end of the fruit
downwards and directed so that the sap does not come
into contact with other fruit. When packing ‘Aru-
manis’ mango into the package destined for market,
the fruit should be firmly packed to restrict movement,
and over-filling of the package should be avoided.
Bamboo baskets currently predominate as the
preferred mango container in local trade. However,
they do not provide adequate protection to the fruit, as
they are generally flexible and their shape is easily dis-
torted. They also can not be stacked, as their weight
and shape risks damage to fruit in a lower layer.
Wooden crates offer better protection than bamboo
baskets due to their rigidity, however rough internal
surfaces can still cause fruit injury.

 

Post-packing Operations

 

‘Arumanis’ mango is a climacteric fruit which shows a
large increase in respiration during ripening and a con-
current increase in the production of ethylene.
Ripening studies have shown that exposure of mango
fruit to ethylene gas will initiate ripening. Continued
application of ethylene hastens skin colour devel-
opment, increases the titratable acidity of the ripe pulp,
lowers the pulp pH, decreases the total soluble solids
content of the flesh, slightly reduces flavours and
general eating quality, and decreases the pulp
firmness.

Acetylene is an ethylene analogue and is used
widely as a ripening agent where ethylene is not
available or is too expensive. Acetylene can be
liberated from calcium carbide by the addition of
water. Ripening of ‘Arumanis’ mango will be fully
initiated by 100 parts per million (ppm) of acetylene
applied for 24 h. Alternatively, ripening can also be
induced by dipping the fruit into 500–1,000 ppm ethrel
solution.

 

Conclusion

 

In order to achieve good quality of fresh fruit, appli-
cation of a quality assurance (QA) system in post-
harvest handling is required. QA will assist in the
design of a handling system which will deliver mango
fruit suited to the needs of particular marketing situa-
tions. Such a system is urgently needed in Indonesia
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Figure 1

 

. Training guide for ‘Arumanis’ mango fruit maturity.

 

Figure 2

 

. Guide to producing high yields of superior ‘Arumanis’ mango.
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Figure 3

 

. Guide to avoiding damage of ‘Arumanis’ mango.

 

Figure 4

 

. Guide to avoiding losses and damage of ‘Arumanis’ mango.
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and elsewhere to increase consumer confidence in this
produce. Posters have been produced as part of an
extension kit for the Indonesian fresh ‘Arumanis’
mango industry. The kit was specifically designed by
the Association of South-East Asian Nations
(ASEAN)–Australia Economic Cooperation Program
III Quality Assurance Systems for ASEAN Fruits
(AAECP–III QASAF) Project, specifically to guide
growers, collectors, wholesalers, and retailers, as
shown in Figures 1 to 4. 

 

Acknowledgments

 

The authors wish to thank AAECP–III QASAF who
financially supported this work, and the Australian
Centre for International Agricultural Research

(ACIAR) for the presentation of this paper at 19

 

th

 

ASEAN/1

 

st

 

 Asia–Pacific Economic Cooperation
(APEC) Seminar on Postharvest Technology, Ho Chi
Minh City, Vietnam. The authors also wish to thank
Prof. John Janes and Dr Zora Singh (Curtin University
of Technology, Australia) for their helpful comments
and Mr I.B.K.G. Kertia who typed the manuscript.

 

Reference

 

Bunt, C. and Piccone, M. 1994. Quality assurance: a total
approach. In: Champ, B.R., Highley, E. and Johnson,
G.I., ed., Postharvest handling of tropical fruits.
Proceedings of an international conference held at Chiang
Mai, Thailand, 19–23 July 1993. ACIAR Proceedings
No. 50. Canberra, Australian Centre for International
Agricultural Research, 27–31.

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)


	Monitoring Mycotoxins and Pesticides in Grain and Food Production Systems for Risk Management in Vietnam and Australia
	Use of the Flat-bed Dryer SHG-4 for Coffee Drying
	The Study of Aflatoxin-producing Strains, Fumonisin-producing Strains, and Non-producing Strains and their Application in Mycotoxin Prevention in Agricultural Products
	Research on the Down-draft Rice Husk Furnace
	Techniques for Grain Dryer Performance Assessment and Effects of Drying on Maize Grain Quality
	Rice Milling in Cambodia
	Strategies to Replace the Use of Methyl Bromide for the Fumigation of Bagged or Bulk Export Shipments of Rice
	Ergosterol in Paddy as an Indicator of Quality
	Milling, Pasting, and Texture Changes in Rice as Affected by Aging
	Production Performance of Poultry Layers Consuming Aflatoxin-contaminated Feed
	Model Predicting the Shelf Life of Edible-coated, Minimally Processed Salak
	Conservation of Rambutan and Longan in Polyethylene Bags
	Harvesting Maturity of ‘Long’ and ‘Tieu’ Longan in the Mekong Delta, Vietnam
	Enhancing Philippine Horticultural Postharvest Research, Development and Technology Transfer through Networking, Demonstration and Thesis Support Grants
	Foliar Application of Benzothiadiazole and Protection of Postharvest Rockmelons and ‘Hami’ Melons from Disease
	Using Perforated Plastic Packaging for Extending the Shelf Life of Okra Pods
	Changes in Polyamine Levels and Peroxidase Activity in ‘Khakdum’ Papaya (Carica papaya L.) under Low Temperature Storage Conditions
	Status of Quality Standards in the South African Fruit Industries
	Use of a High-temperature, Forced-air Quarantine (Non-chemical) Treatment for Fiji Export Commodities
	Induction of Red Grapefruit Resistance to Penicillium digitatum and Chilling Injury by a Short Hot Water Brushing Treatment
	Implementation of Quality Assurance for ‘Arumanis’ Mango

