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Preface

The Association of South-East Asian Nations (ASEAN) Postharvest Seminar
series is recognised as the premier forum for discussion of research and
development activities by regional postproduction specialists. The seminars are
generally held every two years and attract participants from throughout the region
and much further afield. 

The 19th ASEAN Seminar on Postharvest Technology was special in at least
three ways. First, the commodity scope was extended from grain and other
‘durable’ commodities to include also fruits and vegetables, ‘perishable’
commodities whose large postharvest losses in the region demand research and
development attention. Second, the seminar was, for the first time, held under the
aegis of APEC, the Asia–Pacific Economic Cooperation forum. Third, this was
the first ASEAN Postharvest Seminar to be held in Vietnam and, indeed, may have
been the largest such gathering so far held there.

The theme of the seminar — Quality Assurance in Agricultural Produce —
acknowledged that this is a time in which trade in agricultural produce is playing
a vital role in stimulating the economies of the region. The nexus between
‘quality’ and ‘trade’ was a topic of detailed analysis in presentations and
discussions during the seminar. 

The purpose of postharvest handling is timely delivery of a product that closely
matches buyer specifications and meets regulatory requirements. Satisfying
customers underpins quality assurance (QA) and other quality systems that aim to
provide product of the desired standard. As export markets become increasingly
competitive, responsive QA can be crucial for maintaining and expanding
markets. In addition, at national and international levels, the deliberations of the
World Trade Organization and other policy changes have provided the framework
for regional moves to promote uptake and harmonisation of quality standards.
Ample coverage of all these issues will be found in the papers in this volume.

We thank the Australian Centre for International Agricultural Research
(ACIAR) for sponsoring the seminar and publication of the proceedings, and the
Australian Agency for International Development (AusAID) and the Danish
International Development Assistance Agency (DANIDA) for supporting the
attendance of a large number of regional participants. We thank all presenters and
participants, and all those who were involved in organising the seminar — the
enthusiastic contributions of both these groups made the event an outstanding
success.   

Greg Johnson Le Van To
Manager Director
ACIAR Postharvest Technology Post Harvest Technology
Program Institute

Ho Chi Minh City

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)
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Opening Address

Honourable Mr Chairman, ladies and gentlemen:

On behalf of the Ministry of Agriculture and Rural Development (MARD), I
would like to welcome the international and local delegates to the 19th Association
of South-East Asian Nations (ASEAN) and 1st Asia–Pacific Economic Cooperation
(APEC) Postharvest Technology Seminar organised by the Post-Harvest
Technology Institute (PHTI HCMC) in cooperation with the Australian Centre for
International Agricultural Research (ACIAR) in Ho Chi Minh City on 9–12
November 1999.

The topics of the seminar have drawn much attention from many people,
especially farmers, as the development of postharvest technologies will not only
promote commodity agriculture and raise the commercial value of agro-products,
but improve conditions for farmers to exploit and use their land reasonably, create
more jobs for them and help increase their income. The development of
postharvest technologies will be the basis for the firming-up of rural industrial and
service areas and thus change the rural economic structure as well as reorganise
the labour to speed up the process of industrialisation and modernisation. The
development of postharvest technology therefore affects not only the economics
but also the society.

The Ministry of Agriculture and Rural Development would like to express its
support to the international and local organisers for their good idea of holding the
seminar and their hard preparation to ensure its success.

At present, postharvest technologies in Vietnam are still limited: only around
50% of agro-products are processed; most products for export are minimally
processed; and some are in raw form.

Even though Vietnam is the second largest rice exporting country, the capacity
of rice processing enterprises is just 10 million tonnes/year in total. In the whole
country, there are about 100 coffee processors, 40 rubber enterprises, 50 tea
plants, 41 sugar factories, 60 cashew nut units and 20 fruit–vegetable processors.
To set up agriculture for export, the Government of Vietnam has approved
programs of processing development and marketing of agro-products that
represent important parts in the total value of agricultural products.

I am glad that hundreds of international and local scientists are taking part in the
seminar. This seminar provides a really big forum for the scientists to discuss and
communicate new findings in postharvest technologies. This is also a good chance
for Asia–Pacific scientists to develop, broaden their cooperation, and exchange
experiences for new peaks in science.

With this spirit, I wish the seminar great success and wish all the participants
good health and happiness.

Thank you.

Professor Ngo The Dan
Vice Minister of MARD

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)
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Vietnam’s Agriculture in the Context of 
Regionalisation and Globalisation: 

Opportunities and Challenges

 

Bui Thi Lan*

 

Abstract

 

Vietnam is an agricultural country with over 77 million people, 76.5% of them living in rural areas.
Agricultural land accounts for 22.2% of the total area of the country. Agricultural production has a great
influence on national economic development. Looking back on the national economic development
process, particularly of agriculture, it can be outlined as follows:

— Before 1988: the Vietnamese economy had been operating under the centralised planning mechanism.
All the land and materials for agricultural production were under State ownership. Agricultural production
was centrally planned by the Government of Vietnam (GOV). 

— Since 1988: the GOV launched the campaign for economic renovation, with the focus on agricultural
production. New policies have been introduced. Profound reforms have also taken place in the agricultural
sector. With adoption of the renovation policy great achievements have been made in agriculture, among
which the most outstanding is food production.

The process of regionalisation is taking place worldwide and is a common trend for all the countries
including Vietnam. In 1995 Vietnam became a full member of the Association of South-East Asian Nations
(ASEAN) and has participated in most regional organisations and agreements, including the Common
Effective Preferential Tariff (CEPT), ASEAN Free Trade Area (AFTA) and the Asia–Pacific Economic
Cooperation (APEC) group, and is preparing to join the World Trade Organization. New opportunities are
open for Vietnam, e.g. exchange trade, and economic and financial cooperation with member countries
including developed countries. On the other hand, the country is facing great challenges as it is bound to
implement commitments made when joining these organisations, such as reduction in tariffs and removal
of non-tariff barriers. This means that Vietnam’s economy in general, and agriculture in particular, will be
subject to tougher competition.

The paper also recommends measures to be considered and taken to improve the competitiveness of
Vietnam’s agriculture.

 

Overview of Vietnam’s Agriculture

 

V

 

IETNAM

 

’

 

S

 

 agriculture plays a very important role
in the country’s economy; 76.5% of the population
lives in rural areas, 76.88% of the total labour force
(42.6 million people) consists of rural labour. Agri-
cultural land covers 22.2% of the total area of the
country. The sector provides about 30% of the
country’s national income. Given these facts it is

obvious that agriculture has a great influence on
national economic development.

 

Before 1988

 

The Vietnamese economy operated under a cen-
tralised planning mechanism with cooperatives and
state enterprises acting as the main economic com-
ponents. All agricultural sources and materials were
under state ownership. Agricultural production was
planned by the Government and distribution of the
products to farmers was on an average basis. During

* International Cooperation Department, Ministry of 
Agriculture and Rural Development, 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)
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this period, the price of agricultural products did not
rely on production costs and market supply–demand
rules; consequently, farmers were not encouraged to
make efficient use of agricultural resources and
therefore the country’s agricultural productivity was
very low.

 

Since 1988

 

Recognising weaknesses of the centralised planning
mechanism, the Government introduced a series of
economic renovations focused on the agricultural
sector. Over the past decade, a great number of agri-
cultural renovation policies have been issued and
implemented, such as the agricultural and forestry land
allocation policy, agricultural and forestry extension
policy etc. These policies have brought remarkable
achievements in agricultural and forestry production
in general and food production in particular. An agri-
cultural annual growth rate has been maintained at
around 4.5–5%. As a result, from a country with a food
deficit, Vietnam has now become one of the largest
exporters in the world of rice, coffee and cashew nuts.
The increase of trade turnover from agricultural and
forest products for the period from 1989–1999 has
been nearly 20% per year.

 

Vietnam’s Agriculture in the Context 
of Regional and Global Economic 

Integration

 

Vietnam’s agriculture and its 
integration process

 

The opening up of the Vietnamese economy since
the late 1980s is an integral component of the
country’s economic renovation and continues to be a
centrepiece in the 1990s. Among the main character-
istics of this policy are expansion and diversification
of trade activities, promotion of large-scale foreign
investment flows and integration into the world trade
system through joining the Association of South-East
Asian Nations (ASEAN) and the Asia–Pacific
Economic Cooperation (APEC) group. In 1995,
Vietnam became full member of ASEAN. Since then
Vietnam has participated in all regional trade agree-
ments such as the Common Effective Preferential
Tariff (CEPT) and ASEAN Free Trade Area (AFTA).

The main objective of AFTA is that ASEAN
member countries commit to reduce tariffs to 0–5% by

the year 2003 (2006 for Vietnam) and remove non-
tariff barriers (NTBs) 5 years after the products’ tariff
is reduced. Together with other commodities, agricul-
tural, forestry and fishery products are also subject to
tariff reduction with the following classifications:

(1) Inclusion List (IL): commodities subject to
immediate tariff reduction;

(2) Temporary Exclusion List (TEL): commodities
which are temporarily exempt from tariff
reduction. The time schedule for tariff
reduction of those commodities is 1996–2000;
and

(3) General Exclusion List (GEL): commodities of
great importance for national security, social
morals, human health, historical and cultural
values are not subject to tariff reduction and
NTB removal when implementing CEPT.

In 1988, Vietnam officially joined APEC and is now
negotiating for the accession to the World Trade
Organization (WTO), the largest trade organisation in
the world. With the entry to ASEAN, APEC and the
accession to WTO, Vietnam will on the one hand have
opportunities to open up its economic activities with
the whole world, but on the other hand it will face very
strong regional and international trade competition.

 

Opportunities, challenges and 
recommended measures

 

Opportunities

 

By joining regional and global economic inte-
gration, some new opportunities are open to Vietnam’s
agriculture:
• provoking its comparative and competitive

advantages—cheap and abundant labour force,
diverse climatic conditions;

• getting new markets for agricultural and forestry
products—at present, agricultural products of
Vietnam are exported to 50 countries. With the
entry to ASEAN, APEC and WTO in the future,
Vietnam will be able to enter into other markets;

• having a fairer trade environment according to
regional and international trade rules (regional and
international anti-dumping policies, dispute
settlement mechanisms etc.);

• being introduced to new technologies from
developed world agriculture; and

• getting access to greater foreign investment in
agriculture and food industries from larger foreign
investors.

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

 

Being a very backward and poorly productive
sector, Vietnam’s agriculture will face the following
challenges while joining agricultural regionalisation
and globalisation:
• being exposed to tougher regional and international

competition in terms of productivity, quality and
price;

• becoming less protected because of reduction in
agricultural subsidisation, tariff lines, removal of
non-tariff barriers and development of specialised
agriculture;

• starting from an inefficient production management
mechanism;

• being threatened by agricultural and forestry
environment degradation;

• losing traditional farming practices, local crop
varieties and animal breeds; and

• having a lack of skilled farmers for making use of
increased farming technology, and a surplus of
unskilled farmers.

 

Recommended measures

 

Some suggested measures to prepare Vietnam’s
agriculture to integrate well into regional and interna-
tional agricultural competition are as follows:

• continuing the carefully and determinably
agricultural market-oriented economy approach
with the focus on improving quality, and reduction
of production costs and prices;

• increasing the exportation of value-added
agricultural and forestry products through
processing industries;

• formulating a competitive strategy of selected
agricultural and forestry commodities and investing
more in their production and processing;

• applying temporary development subsidisation
measures only to selected agricultural, forestry, and
fishery commodities considered to be potentially
competitive;

• working out incentive investment policies for both
local and foreign investments in the agriculture,
forestry, fishery and food industries;

• assuring clear legislation for a fairer business
environment for all agricultural economic sectors;
and

• building a qualified contingent of management staff
equipped with good professional knowledge and
able to communicate in foreign languages in order
to be able to deal with regional and international
working and trade negotiations.

Quality assurance in agricultural produce,
edited by G.I. Johnson, Le Van To, Nguyen Duy Duc and M.C. Webb.
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Globalisation and the Benefits of a Broad-based 
Approach to Postharvest Systems Development

 

F. Goletti and E. Samman*

 

Abstract

 

The paper is organised in three parts. The first part argues that global trends tend to strengthen the importance
of postharvest systems in many developing countries. The global changes are accompanied by the emergence
of large domestic and international enterprises in economies previously dominated by small and medium
enterprises. The second part argues that a broad-based approach to postharvest and agroindustry development
may be more adequate than a large-enterprise model of development to respond to the challenges of rural
poverty. The broad-based approach recognises the scope for economies of scale in the long run, but it is also
aware that, in the short and medium term, transaction costs, niche markets and intra-industry linkages might
actually make small and medium enterprises more conducive to growth than large enterprises. The third part
of the paper presents the case of the starch industry in Vietnam—an industry largely characterised by small
enterprises that have been able to grow and adapt to rapid change over the past decade. High transaction costs
suggest a role for small and medium enterprises in a continuum of firm sizes that include large enterprises and
multinational companies. Modelling work shows the employment and growth benefits of a broad-based
approach that promotes small and medium enterprises.

 

O

 

VER

 

 the past two decades, global changes in the
agrofood industry have affected postharvest systems
dramatically—as the structure of the industry has
become more concentrated, demand patterns have
shifted towards higher value added products, and
supermarkets are increasingly the major actors in the
farmer-to-consumer chain. Yet, in many developing
countries, postharvest systems and agroindustry are
still largely characterised by a multitude of small
enterprises—often household businesses with little
capital, limited access to modern technology, and poor
integration with urban and international markets.
Under the process of globalisation, these small enter-
prises are put under pressure by the entry of large
domestic and international agribusinesses. It is not
clear what the impact of agroindustry globalisation on
rural livelihoods and small enterprises has been. The
objective of this paper is to understand to what extent
globalisation is compatible with a broad-based
approach to agroindustrial development. A broad-

based approach implies a balanced structure of
expanding small, medium, and large enterprises that
can capture different scale economies, niche markets,
linkages with urban and international markets, and
intra-industry linkages. To this purpose, the paper is
organised into five sections including this intro-
duction. The second section shows how current global
trends tend to strengthen the importance of postharvest
systems in developing countries. The third section
argues that a broad-based approach to postharvest
systems can be compatible with the globalisation of
the agrofood industry. The fourth section presents a
case study of the starch industry in Vietnam, a sector
where promotion of a broad-based approach is shown
to have both equity and growth benefits. The final
section briefly summarises the arguments and con-
cludes.

 

The Increasing Importance of the 
Postharvest Sector

 

Presently in developing countries, several global
trends highlight the increasing importance of post-

* Markets and Structural Studies, International Food 
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harvest systems. The first trend is the contraction of
the agricultural sector, measured both by a declining
portion of the labour force engaged in agriculture and
a declining share of agriculture in gross domestic
product (GDP). Moreover, the share of agriculture in
GDP tends to contract more rapidly than its share in
labour, implying a growing surplus of labour in rural
areas. In low-income countries, agriculture accounted
for 73% of the labour force and 34% of GDP in 1980.
In 1990, agriculture’s share of the labour force had
fallen to 69%, while in 1995 it only accounted for 25%
of GDP. In high-income countries, in contrast, agri-
culture accounted for only about 5% of employment
and 2% of GDP in 1995 (World Bank 1997). Labour
displaced by shrinking agricultural employment
usually migrates to the slums of the big cities in search
of more remunerative opportunities. High migration
rates, coupled with the inability of urban areas to
absorb this influx, suggest the need for policy to boost
productive rural employment. Postharvest activities
such as processing and marketing tend to be labour-
intensive (Boeh-Ocansey 1988; FAO 1995); therefore
they can employ those who otherwise would leave,
while increasing value added in rural areas (see Austin
1995; Fellows 1997). Policies, institutions, and tech-
nologies to develop rural agro-enterprise would
directly strengthen the rural economy despite agricul-
tural contraction. They would also promote increased
agricultural production to provide the raw materials
for processing.

A second and related trend is urbanisation. The
share of the urban population in developing countries
has grown 3.3% annually since 1980, and about 40%
of the population of low- and middle-income countries
was urban in 1995. In high-income economies, the
urban population has become stable at 75% of the total
population, indicating that urbanisation in developing
countries is likely to continue (see World Bank 1997;
FAO 1999). As people live further from where food is
prepared, they increasingly rely on transport, storage,
processing, and marketing systems for a secure and
safe food supply. Reduced time for food preparation
(see Kennedy and Reardon 1994) and rising demand
for processed food (see Jaffee and Gordon 1993)
increase the need to develop healthy, affordable food
products and appropriate processing systems.
Moreover, urbanisation and the related income growth
affect dietary composition. As peoples’ incomes
increase, the share of calories they derive from starchy
staples declines, while consumption of higher value
foods increases (Poleman 1994). These higher value
foods include fresh and processed fruits and vege-

tables, meats, fish, dairy products and vegetable oils.
They tend to have shorter shelf lives than traditional
staples, and require a well organised postharvest chain
to ensure freshness. Further, advances in the post-
harvest sector often reduce consumer prices,
bolstering food security for the urban poor.

The third trend is toward a more liberalised interna-
tional trade system and an increasing orientation of
developing countries toward export markets as a
source of economic growth. This orientation is attrib-
utable both to increased surpluses, arising from the
introduction of green revolution technology, and to
policy changes wrought by structural adjustment
programs (SAPs) in much of the developing world.
One tenet of SAPs is the promotion of exports through
such incentives as currency devaluation and deregu-
lation of trade. Participation in international markets
requires relatively sophisticated marketing, infor-
mation, and transportation networks. Successful
competition requires quality control and product
standardisation, and improved storage and trade facil-
ities (see Jaffee and Gordon 1993; Johnson 1998).

The fourth trend is a growing interest in redressing
gender inequity (see Fleischer et al. 1996). Women
have traditionally played an important role in
processing, handling and preparing food. In West
African countries, for example, the role of women in
marketing agricultural products is well known (see
Jaffee and Morton 1995). A large part of women’s
work in postproduction is often in the informal sector,
including such tasks as the preparation of traditional
foods, and small-scale production of fish, palm oil,
cassava, and dairy products (Petritisch 1985). The
development of postproduction can play an important
role in providing further economic opportunities for
women and in channelling their incorporation into
formal sector employment. This, of course, requires
that such development explicitly take account of the
role of women and their comparative advantage in
postharvest activity (Petritisch 1985).

The fifth trend is rising concern with environmental
issues and sustainable development. Consumers are
demanding reduction in pesticide use, organic food
products, and biodegradable packaging, and these
demands will increase along with rising income. In the
United States of America (USA), for example,
demand for organic produce rose 14% yearly between
1988 and 1992 (Thrupp 1995). These concerns present
opportunities and challenges for postharvest research,
to develop alternative technologies for storage pest
and disease control, waste treatment from processing
plants, aquaculture, livestock feedlotting, and
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improved food safety (see Austin 1995; Arnold 1996;
Johnson 1998).

To date, traditional postharvest research has focused
upon the role of technology as the catalyst for
improvement. However, this narrow emphasis should
be broadened to incorporate institutional and policy
dimensions of the postproduction system that are often
critical in allowing the dissemination of technological
improvements and in expanding their reach to the most
disadvantaged. For instance, in many countries, small-
holder farmers face missing or incomplete markets for
inputs and outputs. Institutions such as contract
farming can overcome this gap by linking processors
with smallholder farmers, guaranteeing a stable supply
of raw materials to the former and steady markets and
prices to the latter. They thus allow smallholders to
gain reliable access to markets and prices where trans-
action costs would otherwise be too high or price
outcomes too unpredictable, such as markets for per-
ishables and high-value items in tradable sectors
(Minot 1986; Delgado 1998).

 

The Broad-based Approach to 
Postharvest and Agroindustry 

Development

 

The globalisation of agroindustry over the past decade
has been accompanied by consolidation and
increasing concentration in market share. This is par-
ticularly evident in industrialised countries and is also
becoming widespread in developing countries, as a
consequence of a more liberalised world trade system
and increasing foreign direct investment (FDI) in
agroindustry. In the European Union, Viaene and
Gellynck (1995) report that the food, drink and
tobacco industry has become increasingly concen-
trated since the early 1980s, while Giles (1999)
foresees its further concentration so that as few as 20
major groups will dominate by about 2010. In the
United Kingdom, Dolan et al. (1999) describe a
dramatic concentration of food retailing in the last
three decades, with four retailers accounting for nearly
75% of food sales in 1998. Turning to the USA,
Koontz et al. (1993) find a large increase in the con-
centration of meat packing; this is echoed for lamb
(Brester and Musick 1995), beef (Azzam 1998) and
pork (Hayenga 1998). Evidence for this trend is
growing in developing countries too. In Brazil, Jank et
al. (1999) count 143 mergers and acquisitions in the
food, beverage and tobacco industry in the 3 years
following the 1994 Real Plan. In South Africa,

Kaplinsky and Manning (1998) report that the Gini
coefficient for industry rose from 0.78 in 1972 to 0.84
in 1988. In both Kenya and Zimbabwe, five exporters
have come to control over 75% of all fresh vegetable
exports (Dolan et al. 1999). The Asian Productivity
Organization (1992) describes the growing prevalence
of large industry in Indonesia from the mid-1970s
onward.

At the same time, there seems to be a shift from spot
markets to contract farming and vertical integration
(see FAO 1997; Schejtman 1998). Notable examples
are palm oil production in Malaysia (see Kajisa and
Meredia 1997) and fruit production in Latin America
(e.g. see Key and Runsten 1999). This shift is partly a
result of the higher quality standards that large
retailers and supermarkets are requiring from their
suppliers in developing countries (Dolan et al. 1999).

Even though this process might lead to higher
growth and improved efficiency, there is concern that
it might induce a type of development that is neither
broad-based nor employment-generating in rural
areas, and that therefore it might not contribute to rural
development and poverty alleviation. Evidence of the
effects of the globalisation of agroindustry on rural
areas and small enterprise development in developing
countries is very scarce. However they carry important
implications for development policy. As the agricul-
tural sector contracts in many developing countries,
the labour force in rural areas does not decrease at the
same rate. An increasing number of rural households
are engaged in activities with low productivity, and
rural–urban migration does not seem a solution in the
medium term. Therefore, the priority for many devel-
oping countries is to generate rural economic activities
that increase the income of the rural population.
Agroindustry is an obvious candidate for this type of
activity, because of its linkages with agriculture and
rural development. However, if the development of
globalised agroindustry is dominated by a small
number of large and capital-intensive enterprises, in
the short and medium term, it does not augur well for
rural households or small enterprises. Within this
context, there is a need to explore alternative policy
options to promote broad-based agroindustrial devel-
opment, without compromising efficiency and the
opportunities for growth presented by the global
economy.

In many developing countries, postharvest systems
and agroindustry are dominated by a multitude of
small and medium enterprises (Figure 1A). Under the
pressure of changing demand patterns and competition
from large domestic or foreign enterprises, there are
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serious concerns about the ability of small and
medium enterprises to survive in the small and
medium term. In the long term (Figure 1B), the distri-
bution of firms engaged in postharvest and
agroindustry might well be dominated by large enter-
prises. As the economy moves from a predominantly
rural to a predominantly industrial structure, the con-
solidation of agroindustry might be optimal on both
growth and efficiency grounds. However, in the
medium term, there could be important reasons why
the promotion of a broad-based approach including
small, medium, and large enterprises might be more
favourable to growth than a bias towards large
enterprises.

Several facets of globalisation tend to discriminate
against small and medium enterprises. In the case of
fruits and vegetables, for example, the need to control
for high perishability requires specialised production,
packing techniques and refrigerated transport.
Computer-controlled deep irrigation systems in pro-
duction, the intensive use of fertiliser and pesticides,
sophisticated packing plants that resemble large

modern factories, and temperature and atmospheri-
cally controlled storage and transport all contribute to
‘cool chain’ supply systems which allow fresh
produce to be supplied to major supermarkets around
the world. More generally, marketing products
requires highly sophisticated and well-integrated
information and transportation networks. The need to
comply with aesthetic, hygiene, and health require-
ments involves investment in research, development,
and marketing that small and medium enterprises
cannot easily afford.

However, there are also countervailing trends that
suggest a new role for small–medium enterprises, in
such areas as niche markets that stress product differ-
entiation over cost. Reardon et al. (1999) give
examples of product differentiation according to
domestic/export, refined/coarse or rich/poor
consumer, and give the examples of wheat and coffee
in Brazil, maize in urban Mali and milk products in
Latin America. Several small European companies
have successfully marketed products on the basis of
region of origin (see OECD 1995). Niche markets in
developed countries more appropriate to suppliers
based in developing countries could include organic
fruit (Dolan et al. 1999), traditional foods sought by
immigrant communities, and other specialised food
for which demand is likely to increase as income
distribution—and consequent consumption
patterns—become more fragmented in the coming
years (see Giles 1999). For instance, Giles (1999)
projects that in the United Kingdom the food distri-
bution system will become much more fragmented by
2010, owing to a fall in the market share of super-
markets, and increases in food eaten away from home,
as well as that bought from discounters and delivered
to the home.

An emerging body of work suggests that small-scale
firms may be able to compete with their larger coun-
terparts by exploiting two factors. The first is a
reliance on external rather than internal economies of
scale through some form of networking (e.g. Schmitz
1995). The second is based on the premise that in
certain industries mass production is becoming ineffi-
cient and being replaced by more efficient production
techniques suited to small-scale production (e.g. see
World Development 1999). Both factors may apply to
the processing industry, although more case studies
are needed to substantiate this view.

Nonetheless, there is also evidence to support the
argument that in some rural environments, small enter-
prises might even be more competitive than large
enterprises because of: 
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Figure 1. Two extreme cases of the distribution of
firm size involved in postharvest systems
and agroindustry in developing countries.
(A) shows a distribution dominated by
small firms and (B) shows a distribution
dominated by large firms.
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1.

 

more flexibility in adapting to disruptive cir-
cumstances and in responding to frequent
interruptions in the supply of inputs (e.g. see
Sandee 1999 on Indonesia);

2. an input supply that is insufficient to permit
substantial economies of scale (e.g. so that
large fish plants are operating below capacity
in Tanzania—McCormick 1998);

 

3.

 

better labour flexibility either in utilisation of
labour or by combining several business
activities which can be frozen or expanded
according to market fluctuations

 

1

 

;

 

4.

 

markets that are not large or constant enough
to absorb the output of a large plant running at
full capacity (e.g. demand for rattan furniture
in Indonesia—Smyth 1992). Local pro-
duction costs will often exceed world prices,
militating against exports;

 

5.

 

managerial problems involved in large-scale
production can be very complex and lack of
effective coordination can result in input loss;
and

 

6.

 

there may be diseconomies of scale in large-
scale plants, especially those which are
outside of the plant itself, e.g. if adequate
infrastructure is lacking, new roads my be
needed, large concentrations of estate workers
may require housing, and poor industrial
linkages may make the maintenance of a
sophisticated, large-scale plant difficult.

 

2

 

Kaplinsky (1990) shows how these problems have
led to large-scale sugar processing plants being sup-
planted by smaller scale models in China, India and
Kenya, where production at levels originally envi-
sioned would have doubled sugar production costs.

In conclusion, while long-term trends seem to augur
increasing concentration in the agro-processing
industry, there are several factors, at least in the short
to medium term, that argue for continued small firm
involvement. These arguments suggest that a broad-
based approach to agroindustrial development might
be possible, not only on the grounds of equity, but also
of efficiency.

 

Growth Benefits of the Broad-based 
Approach: the Case of 

Starch in Vietnam

 

Despite a decade of remarkable growth of the agricul-
tural sector, there is mounting evidence that rural areas
in Vietnam are lagging behind urban areas (Nguyen
Van Bich et al. 1998). The gap between rural and
urban incomes is increasing and the prospects for
strong and sustainable growth of non-farm rural
income are not encouraging. With 80% of population
living in rural areas, these trends—if they continue—
risk raising social tensions. In response to these trends
and the recent crisis in Asia, the government of
Vietnam has recognised the key role of agriculture and
rural economy for the promotion of industrialisation
and modernisation and its contribution to increasing
employment and income of the rural population (see
Phan Van Khai 1999).

An example of rural income diversification and
industrialisation concerns the starch industry in
Vietnam. Ten years ago, starch production was
roughly 10% of the total use of cassava. The industry
was characterised by low levels of production, serving
local markets for noodles and maltose. Since then, the
industry has grown rapidly, with newer and larger par-
ticipants engaging in the production of specialty
varieties of starch for industrial, food, and export
purposes. In particular, the past few years have
witnessed the arrival of a few large-scale foreign and
domestic enterprises with significant potential for the
development of the starch industry in Vietnam.
However, small-scale production of starch continues
to dominate. Currently, 90% of the starch processors
in Vietnam could be classified as small processors,
with less than a 10 t/day capacity.

At the same time, however, as the starch industry
develops and modernises, there will be an increasing
emphasis on technology and capital within the starch
industry. This threatens to crowd out many of the
small-scale producers, who may not have the capital
resources to compete. While this may be a desirable
situation in the long run, it is possible that it is not the
most efficient situation in the short or medium term. In
an environment characterised by high transaction
costs, induced by low levels of infrastructure devel-
opment and market integration, and poor productivity
of cassava, there are gains to be made in enhancing the
scale of small-scale starch processors.

We examine the starch industry of Vietnam using
data from a household survey undertaken by the Inter-

 

1.

 

 These first three arguments are adapted from Rasmussen 
et al. 1992.

 

2.

 

 These last three arguments are taken from Kaplinsky 
1990.
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national Food Policy Research Institute (IFPRI) in
collaboration with the International Centre for
Tropical Agriculture (CIAT—Centro Internacional de
Agricultura Tropical) and the Post-Harvest Tech-
nology Institute (PHTI) in Hanoi during 1998 (see
IFPRI 1998). After an overview of starch uses in
Vietnam, we provide a detailed profile of the Viet-
namese starch industry—highlighting the growth
experienced in the industry, the structure of firms and
end users, and constraints facing the industry. We then
discuss the issue of promoting broad-based growth in
the starch industry by way of using an industry model
to trace the effects of a capital injection into the
subsector.

 

Overview of starch uses

 

Starch uses are varied, and are diversifying further
with continued global economic development. In
Vietnam, root crops, especially cassava, have been the
traditional sources of starch for use in food products.
Cassava starch is processed into a range of foods,
including noodles, crackers and cakes. Cassava starch
is also the main raw material for maltose production in
northern Vietnam (maltose is, in turn, used by the con-
fectionery industry). All of these traditional uses are
found mainly as household enterprises—Vietnam
may be a unique example of the development of small-
scale maltose production from cassava starch, for
example.

Non-food industrial uses of cassava are also found
in Vietnam, associated with larger scale enterprises.
The textile industry, for example, uses cassava starch
for sizing, while the paper industry uses starch for
coating high quality types of paper. As these industrial
sectors develop, demand for starch is likely to
increase. In Vietnam, the recent arrival of a few large-
scale starch-producing firms interested in added value

products has resulted in a much more diverse product
offering than was found only a few years ago. The pro-
duction of fermentation products (monosodium
glutamate and lysine) has started, for example. The
Thai starch industry, which is more developed, has
placed substantial effort and resources on a shift
towards production of higher valued modified starches
from cassava. Cassava starch is seen as the logical raw
material for modified starch and for production of
sweeteners in Southeast Asia, comparable to maize in
North America and potato in Europe. As the starch-
using industries develop in Southeast Asia, the range
of starch-derived intermediate and end products man-
ufactured from cassava will also expand.

 

Profile of the starch industry of Vietnam

 

In this part, we discuss some of the major highlights
of the starch industry, as well as look at some of the
constraints within the industry that affect its competi-
tiveness and efficiency.

 

Increasing utilisation of cassava production, but 
excess capacity in the starch industry 

 

Up until about ten years ago, starch production
utilised roughly 10% of cassava production. Since
1988, an increasing number of participants have
started to be involved in starch production, including
both rural households and large enterprises. Results
from the survey show that at least 24% of total cassava
production is currently utilised for starch (Table 1),
and this is probably an underestimate, given that the
survey under-sampled several regions such as the
North East South, where starch production is large.
The greatest share is for dry starch production (18.7%
of the total). The total starch production (wet and dry)
in the survey was found to be 131,450 t, corresponding
to more than 477,000 t of cassava.

 

Table 1

 

. Starch production in 1998 and cassava equivalent.

Starch type Starch production (’000 t) Cassava equivalent (’000 t) Share of cassava production (%)

 

Wet starch 42307 105767 5.3

Dry starch 89143 371429 18.7

Total 131450 477196 24.0

Source: International Food Policy Research Institute/Centro Internacional de Agricultura Tropical (International Centre for 
Tropical Agriculture)/Post-Harvest Technology Institute (IFPRI/CIAT/PHTI) Survey 1998.
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Despite a greater utilisation of cassava production
by the industry, one of the major constraints faced by
many starch processors is an inability to procure
enough cassava to run operations at full capacity. In
particular, there is a sizable gap between potential
capacity and capacity utilised, a relationship that
becomes stronger as firm size gets larger. Larger proc-
essors have much higher levels of excess capacity than
do smaller processors, which typically operate at 90%
or more of total capacity. Simple regression results
highlight the relationship between enterprise size and
the gap between potential capacity and capacity used,
which is significant at the 95% level (Table 2).

High cassava costs contribute to lowering the com-
petitiveness of the industry. Survey results (see Table
3) show that large enterprises pay the highest price for

raw material procured by farmers (Dong 391 per kg)
while micro enterprises pay the lowest prices (Dong
285 per kg). High costs are also related to the low pro-
ductivity of cassava in Vietnam. Current yields only
average 7.3 t/ha in the country (Table 4). Perhaps more
important than low cassava yields is the wide variance
of yields throughout the country. In the North
Mountains and Midlands, where most of the pro-
duction takes places, yields average 6 t/ha, while in the
North East South, yields are much higher (10.2 t/ha).
In some parts of the North East South (such as Dong
Nai), it is not uncommon to see yields of up to 30 t/ha.
Variable yield levels make it difficult for larger proc-
essors, in particular, to consistently procure adequate
quantities of cassava to run operations efficiently.

 

Table 2.

 

Regression results from the estimation of the relationship between capacity unutilised and enterprise size.

Variable Coefficient value t-statistic

 

Constant 49.979 23.921

Enterprise capacity 0.172 3.086

Note: Dependent variable in the regression is percentage of capacity unutilised, defined as the gap between potential 
capacity and capacity used.
Source: International Food Policy Research Institute/ Centro Internacional de Agricultura Tropical (International Centre for 
Tropical Agriculture)/Post-Harvest Technology Institute (IFPRI/CIAT/PHTI) Survey 1998.

 

Table 3.

 

 Raw material prices and cost.

Enterprise size Cassava price from farmers 
(Dong/kg)

Cassava price from traders 
(Dong/kg)

Raw material as % 
of total cost

 

Micro 285 383 94.4

Small 300 342 91.7

Medium 332 367 90.3

Large 391 399 86.5

Average for Vietnam 318 377 87.6

Source: International Food Policy Research Institute/ Centro Internacional de Agricultura Tropical (International Centre for 
Tropical Agriculture)/Post-Harvest Technology Institute (IFPRI/CIAT/PHTI) Survey 1998.

 

Table 4

 

.  Yield of cassava in Vietnam in 1997.

 

Region

 

Yield (t/ha) Production (’000 t)

 

North Mountains and Midlands 6 704

Red River Delta 8.7 49

North Central Coast 6 251

South Central Coast 8.7 369

Central Highlands 9.3 266

North East South 10.2 283
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Increasing size of new entrants, but decreasing returns 
to scale

 

Production of starch in Vietnam is carried out by a
variety of enterprises, including very small firms and
some large ones. From our survey, we find an industry
that is heavily skewed towards smaller enterprises.
Micro enterprises (less than 1 t per day) comprise
almost 50% of the sample, with small enterprises
(between 1 and 5 t per day) making up about 26%,
medium enterprises (between 5 and 10 t per day) about
24%, and large enterprises (more than 10 t per day)
only 10% of the sample. Among large enterprises, the
largest enterprise, VEDAN, has a capacity of 800 t per
day. Moreover, the new entrants have increased the
size of their operations, as shown by an average
processing capacity. This increased from less than 10
t per day previously to 1994 to an average capacity of
almost 60 and 80 t per day in 1995 and 1997 (see
Figure 2). The regional distribution of enterprises
indicates a large predominance of small firms in the
north and large firms in the south.

While starch enterprises are getting larger, the
industry itself is subject to decreasing returns to scale.
This was confirmed by regression analysis of the pro-
duction function, namely:

ln

 

(q)

 

 = 

 

a + b 

 

ln

 

(K) + c 

 

ln(

 

L

 

) (1)

where 

 

q

 

 represents total volume of production (wet
starch and dry starch), 

 

K

 

 is the value of total capital
equipment, and 

 

L

 

 is the total number of man-months
worked by employees in a given starch factory. The
results show that 

 

a

 

 = 0.66, 

 

b

 

 = 0.3 and 

 

c

 

 = 0.417 (all
statistically significant coefficients), which implies
decreasing returns to scale since 

 

b + c

 

 < 1 for a
Cobb–Douglas production equation. Decreasing
returns to scale suggest there could be problems in pro-
curement of raw material that prevent firms from
expanding to optimal capacity, a fact discussed
previously.

 

Specialisation of starch production by size

 

The survey also points to specialisation of starch
production by firm size. The contribution of
micro–small–medium enterprises to wet starch pro-
duction is about 87% in our sample, while they
contribute only 13% to dry starch production (Table
5), highlighting a specialisation of small–medium
enterprises in wet starch and a specialisation of large
enterprises in dry starch. This is to be expected, since
dry starch is more capital-intensive than the pro-
duction of wet starch. There is also specialisation in
terms of the markets served by varying sizes of starch
operations. Smaller starch enterprises process starch
for mainly the noodle industry, with the more

 

Mekong River Delta 7.7 61

Vietnam 7.3 (average) 1983 (total)

Source: Statistical Bureau of Vietnam.

 

Table 4

 

.  (Cont’d) Yield of cassava in Vietnam in 1997.

 

Region

 

Yield (t/ha) Production (’000 t)
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Figure 2. Average capacity of new entrants in the starch industry.
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advanced processors producing starch for Vietnam’s
maltose industry. By contrast, the larger enterprises
are targeting their starch for a wide range of food and
non-food uses, including the paper industry, mono-
sodium glutamate, pharmaceuticals, and textiles.

Interestingly, small enterprises have maintained
their network of sales despite competition from large
enterprises in traditional wet starch markets (i.e.
noodles, maltose). This can be partially attributed to
the nature of the markets serviced by smaller enter-
prises. Sales of wet cassava starch by smaller
enterprises encompass a much smaller distance than
those serviced by larger enterprises. Smaller enter-
prises maintain their markets by servicing a local
clientele that is removed from where larger operations
exist. High transaction costs—in terms of poor infra-
structure, impediments in moving raw materials, and
established marketing channels with small
enterprises—are likely to hamper the ability of large
enterprises to move into markets served by smaller
enterprises.

 

Increased demand for starch in Vietnam and export 
markets

 

The opportunities of cassava processing for the
local food industry and other non-food uses has
induced a dramatic increase in investment by small
and large enterprises, with an average annual rate of

78% over the period 1988 to 1997 (see IFPRI 1998).
An additional reason for this strong growth of
investment and production is the linkage with world
markets. Starch in Vietnam is an exportable com-
modity. During 1998, more than 21,000 t were
exported to countries such as Singapore, Taiwan, the
Philippines, Indonesia, and Malaysia. The export
prices of starch are much higher than domestic prices,
partly reflecting the better quality of exported starch.
On average, export prices were almost $300/t,
compared with less than $200/t for domestic starch.

 

Greater capital availability by large processors 
relative to small processors

 

Different enterprises have quite different capital
equipment, as shown by a very small value of
equipment for micro–small enterprises (about $50),
while for large enterprises the average value is about
$363,000 (Table 6). The small enterprises, however,
have a much more efficient use of capital equipment,
as shown by an output–capital ratio of 9.3 t per million
Dong of capital equipment versus 0.6 t of starch for
large enterprises. Two capital constraints nonetheless
affect the Vietnamese starch industry. While small
enterprises may utilise capacity more efficiently
(given its relative scarcity), the quality of the capital
used is not comparable to that used by larger enter-
prises. Most small processors manufacture starch with

Table 5.  The relative contributions of small and large firms to starch production in Vietnam.

Wet starch production 
(’000 t)

Share of wet starch 
production 

Dry starch production 
(’000 t)

Share of dry starch 
production

Small enterprises 36961 87% 11522 13%

Large enterprises 5346 13% 77621 87%

Total 42307 100% 89143 100%

Note: small enterprises denote firms with a capacity of less than 10 t/day.
Source: International Food Policy Research Institute/ Centro Internacional de Agricultura Tropical (International Centre for
Tropical Agriculture)/Post-Harvest Technology Institute (IFPRI/CIAT/PHTI) Survey 1998. 

 

Table 6.

 

 Average value of equipment and assets (thousand Dong).

Enterprise size Value of equipment Value of all productive assets

 

Micro 808 6760

Small 1354 4429

Medium 17 749 350209

Large 4729007 5979160

Average forVietnam 491512 671398

Source: International Food Policy Research Institute/ Centro Internacional de Agricultura Tropical (International Centre 
for Tropical Agriculture)/Post-Harvest Technology Institute (IFPRI/CIAT/PHTI) Survey 1998.
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only the bare minimum of equipment, using graters
and pumps for most operations. By contrast, large
enterprises have access to sedimentation tanks, dryers,
and complete starch systems. Moreover, throughout
the industry, the majority of the starch industry is
working with locally manufactured equipment, or old
equipment from Russia and China, which is of quite
low value and inappropriate for producing high quality
starch.

Both constraints point the need for not only
improved capital access but for a channelling of
capital resources into modernising equipment and
operations. Yet the survey points out that access to
credit is quite limited for both small and large enter-
prises (Table 7). Large firms have better access to bank
credit, but the large firms are also the ones that express
a bigger gap between obtained credit and credit
requirements (the requirement–obtained credit ratio is
almost 7).

 

Greater efficiency in cost structure among smaller 
enterprises

 

A different cost structure for various firm sizes
partly explains the greater efficiency of smaller enter-
prises (see Table 8). For micro enterprises, for
example, rental equipment is a large share of their cost
(35%) while this is negligible for large enterprises.

Large enterprises spend more than 68% in electricity
and labour, while medium enterprises allocate only
47% to these two items. A regression of average cost
over firm size confirms the hypothesis of greater effi-
ciency at smaller scale.

ln(average cost) = 4.14 + 0.21*ln(capacity) (2)
In the above regression, the coefficient on capacity

is significant at the 1% level (

 

t

 

 = 5.58).

 

Greater environmental concerns related to starch 
production

 

Finally, the production of starch is polluting the
environment, causing serious problems in water
quality at the community level. In the absence of
sewage systems and water purification systems, the
starch processors have no other choice but to dump the
residues and the polluted water into the village streets
and inadequate sewage system. Both households and
community leaders indicate this as one of the most
serious problems, particularly for small enterprises
(see IFPRI 1998).

 

Discussion

 

It is clear that the starch industry demonstrates the
potential of rural industrialisation, where low-value
agricultural commodities such as cassava are
processed into high-value commodities such as starch

Table 7.  Access to credit.

Enterprise size Credit (million Dong) Share of credit from bank (%) Requirement ratioa

Micro 5.1 78 2.5

Small 14.9 89 1.1

Medium 21.4 83 3.5

Large 108 94 6.9
a Note: the requirement ratio is the ratio between the credit deemed necessary to conduct operations smoothly and the actual 
credit obtained.
Source: International Food Policy Research Institute/ Centro Internacional de Agricultura Tropical (International Centre for 
Tropical Agriculture)/Post-Harvest Technology Institute (IFPRI/CIAT/PHTI) Survey 1998. 

 

Table 8.

 

Share of operation costs (excluding raw materials).

Enterprise size Electricity and fuel (%) Labour (%) Transport (%) Rental equipment (%) Other (%)

 

Micro 29 9 9 35 18

Small 2 21 12 25 20

Medium 21 26 13 1 39

Large 40 28 7 0 25

Average for Vietnam 38 27 8 2 25

Source: International Food Policy Research Institute/ Centro Internacional de Agricultura Tropical (International Centre for 
Tropical Agriculture)/Post-Harvest Technology Institute (IFPRI/CIAT/PHTI) Survey 1999.
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to be used in a variety of industries. There is evidence
of growth in the industry, in terms of the quantity of
cassava utilised by the industry, but also procurement
bottlenecks among larger enterprises. This manifests
itself in terms of the industry facing decreasing returns
to scale. Given that new entrants to the starch enter-
prises are getting larger, this constrains the
development of the industry. At the same time,
however, it points to a significant role to be played by
small and medium-sized starch enterprises in
Vietnam. These firms are running at much higher
levels of capacity with fewer constraints in terms of
raw materials or market access. Yet these firms tend to
operate at lower levels of technology and capital and
are more prone towards having problems with pol-
lution. By providing greater levels of capital and
technology to small and medium enterprises, there
could be efficiency gains in the industry as a whole
given the high transactions costs that beset the starch
industry. This will be examined more carefully in the
next section.

 

Policy options: the optimal allocation of 
credit to starch enterprises

 

This section looks at alternative policy options to
promote the starch sector, highlighting the role of
capital availability among small and large enterprises.
As identified in the previous section, one of the major
impediments to the starch sector is limited access to
credit. Both large and small enterprises face diffi-
culties in obtaining credit to finance their procurement
activities as well as capital investment. It is unclear,
however, how a credit injection to the starch sector
should be targeted—i.e. should credit be directed at
small or larger enterprises? To answer this question,
we develop a sector model used to describe the starch
industry. We then run a number of simulations to test
the most efficient allocation of capital to the sector.

 

Starch industry model for Vietnam (SIMV)

 

In order to evaluate the effects of alternative policies
on prices, production, income, and trade, we have built
a sector model of the starch industry in Vietnam
(SIMV). The model includes four commodities (food,
feed, wet starch, and dry starch), five types of agents
(farmers, feed producers, wet starch processors, dry
starch processors, and end users). It is an aggregate
model (i.e. does not allow for regional variation and
trade) and incorporates international trade in feed and
dry starch. The list of equations and the description of
the model can be found in Appendix 1.

 

Policy simulations

 

To examine the impact of an injection of credit into
the starch sector, we conduct three simulations with
SIMV. In all cases, we consider a 10% increase in the
total value of capital equipment as a proxy for the
credit injection. We note that the total value of capital
equipment in the starch sector (with the exception of
the large enterprise VEDAN) is roughly $21 million,
so that a 10% increase implies an injection of about
$2.1 million to the capital available in the sector. It
should be noted that this expansion of credit should not
be considered a subsidy. Rather, we consider this
investment as a type of loan that could generate
enough income to be repaid at market interest rates. In
the case of small enterprises, we assume the credit
injection will translate partly to an increase in the
average capital of each processing unit and partly to an
expansion of the size and number of small enterprises.

The simulations differ in how capital is distributed
among enterprises. In the first scenario, we examine
the effects of a 10% increase in the value of industry
capital equipment to the entire sector, or to small enter-
prises and large enterprises alike. The second
simulation takes the same amount of capital and
allocates it only to small enterprises. In essence, this is
akin to increasing the size of small enterprises and
transforming them into ‘larger’ enterprises. In the case
of the third simulation, we increase the capital of large
enterprises only. The goal of this exercise is to see
whether the income benefits from targeting credit
injections into the starch subsector are more beneficial
when geared differentially (i.e. towards small or large
enterprises) or when the sector is treated equally.

 

Results 

 

The results of all three scenarios are summarised in
Tables 9A–9C. In the first simulation, we consider an
equal distribution of capital to small and large enter-
prises. Total income increases $640,000, or 1.7%.
Production of wet and dry starch increases by 1.2%
and 3.3%, respectively. At the same time, wet starch
income is reduced slightly, as prices fall (–1.5%) more
than production rises. Dry starch income is buoyed by
higher production and the prospect of export markets.
Since dry starch has an export outlet, prices do not fall;
rather, excess production is channelled into 4,500 t of
exports. In the cassava market, income rises slightly
(1.4%), supported by higher retail prices owing to a
greater demand for starch. As expected, higher
cassava prices reduce feed income marginally
(–0.9%). Overall, despite the growth in export
markets, it should be noted that the effects of the sector
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are not very large. Given the difficulty in ensuring a
good recovery rate for investment loans, it is unclear
whether this policy would make much of a difference.

When we examine the second simulation, we see a
much different story. Total income rises by nearly
11% (or $4 million). The injection of credit boosts the
income of small starch processors for both wet and dry
starch. Wet starch income for small processors
increases almost 9%, while dry starch income rises an
incredible 167%. The capital injection causes a signif-
icant increase in wet starch production by small
processors. This in turn causes an increase in overall
wet starch production (37%) and a significant fall in
prices (–33%). Overall wet starch income declines as a
result, which affects large processors more than small
processors. Large processors suffer from higher input
prices and low wet starch prices, while small proc-
essors increase production due to the capital injection.
Since large processors comprise a larger share of total
wet starch income, their income (as well as wet starch
income as a whole) falls considerably. In the dry starch
industry, there is enormous expansion, as small proc-
essors expand production into the dry starch sector.
While the model does not dynamically capture a
change in capacity for starch enterprises, expanding
into dry starch production would necessarily imply a
need to increase enterprise size, given the technology
needed to enter this market. Exports rise by 137% to
52,000 t. Farm income rises considerably (10%), as
demand for cassava boosts production and prices. This
in turn reduces feed income (6%). Given that the
benefit to the sector is a rise in income of $4 million, a
credit injection packaged as a $2.1 million loan (or
10% of the value of capital equipment), would imply
easy repayment over a short period of time.

When capital is increased only for large enterprises,
the sectoral income benefits are not very large (only
1.5% for the sector as a whole, 1.2% increase for farm
income, and 4.4% increase for the dry processors).
Indeed, the effects here are similar to those in the first
simulation. The implication for the three policies

clearly suggests greater benefits to stimulating small
enterprises.

 

Conclusions

 

The paper has argued that global trends including the
contraction of agriculture, urbanisation, and the liber-
alisation of domestic and world markets tend to
strengthen the importance of postharvest systems in
many developing countries. The global changes have,
however, witnessed the emergence of large domestic
and international enterprises in economies previously
largely dominated by small and medium enterprises.
The paper has argued that a broad-based approach to
postharvest and agroindustry development may be
more adequate than a large-enterprise model of devel-
opment to respond to the challenges of rural poverty.
The broad-based approach recognises the scope for
economies of scale in the long run, but it is also aware
that, in the short and medium-term, transaction costs,
niche markets and intra-industry linkages might
actually make small and medium enterprises more
conducive to growth than large enterprises. Since not
much empirical evidence is available on this issue, this
paper has presented the case of the starch industry in
Vietnam, an industry largely characterised by small
enterprises that have been able to grow and adapt to
rapid change over the past decade. The broad-based
growth process is important because of its implica-
tions for rural development in countries characterised
by a large rural population and where the income gap
between urban and rural areas is growing. The analysis
of micro-efficiency and transaction costs suggests a
role for small and medium enterprises in a continuum
of firm sizes that includes large enterprises and multi-
national companies. Modelling work has shown that a
broad-based approach that promotes small and
medium enterprises has benefits not only in terms of
employment but also in terms of growth. 
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Table 9A

 

.  Results of the starch industry model for Vietnam (SIMV) simulation: 10% injection of capital to small
and large processors.

Amount Change Percentage change

 

Cassava market

 

Production (’000 t) 2007.87 8 0.4

Food consumption (’000 t) 297.64 –2.4 –0.8

Farm price (Dong/kg) 282.76 2.81 1

Retail price (Dong/kg) 350.76 2.81 0.81

Farm income (US$ million) 26.17 0.36 1.41

 

Feed market

 

Production (’000 t) 302.3 –2.44 –0.8

Farm price (Dong/kg) 1011.0 0 0

Retail price (Dong/kg) 1256.0 0 0

Feed consumption (’000 t) 190.7 0 0

Exports (’000 t) 111.6 –2.44 –2.14

Value exports (US$ million) 11.27 –0.25 –2.14

Feed income (US$ million) 4.21 –0.04 –0.86

 

Wet starch market

 

Retail price (Dong/kg) 1181.82 –18.08 –1.51

Total production (’000 t) 41.3 0.5 1.22

Small processor production (’000 t) 28.46 0.31 1.08

Large processor production (’000 t) 12.84 0.19 1.53

Total consumption (’000 t) 41.3 0.5 1.22

Intermediate consumption (’000 t) 29.32 0.35 1.22

Processor price (Dong/kg) 1086.82 –18.08 –1.64

Total income (US$ million) 0.69 0 –0.33

Small processor income (US$ million) 0.4 0 –0.63

Large processor income (US$ million) 0.29 0 –0.25

 

Dry starch market

 

Retail price (Dong/kg) 2442.0 0 0

Total production (’000 t) 141.35 4.52 3.31

Small processor production (’000 t) 12.67 0.36 2.89

Large processor production (’000 t) 128.68 4.17 3.35

Total consumption (’000 t) 114.76 –0.04 –0.04

Total income (US$ million) 6.46 0.32 5.16

Small processor income (US$ million) 0.37 0.02 4.89

Large processor income (US$ million) 6.08 0.3 5.19

Processor price (Dong/kg) 1990.0 0 0

 

Starch exports

 

Value exports (US$ million) 7.98 1.37 20.73

Total export income (US$ million) 1.85 0.32 20.74

Quantity exports (’000 t) 26.59 4.57 20.73
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Production shares (%)

 

Cassava for food 14.82 –0.18 –1.2

Cassava for feed 54.35 –0.66 –1.2

Cassava for wet starch 1.49 0.01 0.83

Cassava for dry starch 29.33 0.82 2.89

 

Income shares (%)

 

Farm income 69.74 –0.23 –0.32

Feed income 11.21 –0.29 –2.56

Processing income 19.06 0.52 2.81

Wet Starch income 1.85 –0.04 –2.09

Dry Starch income 17.21 0.56 3.37

Small processor income 2.07 0 0.2

Large processor income 16.98 0.52 3.14

 

Total income

 

Total income (US$ million) 37.52 0.64 1.74

 

Table 9A

 

.  (Cont’d) Results of the starch industry model for Vietnam (SIMV) simulation: 10% injection of capital to
small and large processors.

Amount Change Percentage change

 

Table 9B

 

.  Results of starch industry model for Vietnam (SIMV) simulation: 10% injection of capital to small
processors only.

Amount Change Percentage change

 

Cassava market

 

Production (’000 t) 2055.91 56.05 2.8

Food consumption (’000 t) 283.71 –16.33 –5.44

Farm price (Dong/kg) 299.98 20.03 7.15

Retail price (Dong/kg) 367.98 20.03 5.76

Farm income (US$ million) 28.42 2.62 10.16

 

Feed market

 

Production (’000 t) 288.15 –16.59 –5.44

Farm price (Dong/kg) 1011.0 0 0

Retail price (Dong/kg) 1256.0 0 0

Feed consumption (’000 t) 190.7 0 0

Exports (’000 t) 97.45 –16.59 –14.55

Value exports (US$ million) 9.84 –1.68 –14.54

Feed income (US$ million) 3.99 –0.25 –5.91

 

Wet starch market

 

Retail price (Dong/kg) 807.27 –392.63 –32.72

Total production (’000 t) 56.03 15.22 37.31
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Small processor production (’000 t) 47.61 19.45 69.1

Large processor production (’000 t) 8.42 –4.23 –33.45

Total consumption (’000 t) 56.03 15.22 37.31

Intermediate consumption (’000 t) 39.78 10.81 37.31

Processor price (Dong/kg) 712.27 –392.63 –35.54

Total income (US$ million) 0.57 –0.13 –18.59

Small processor income (US$ million) 0.44 0.04 8.94

Large processor income (US$ million) 0.13 –0.17 –57.15

 

Dry starch market

 

Retail price (Dong/kg) 2442.0 0 0

Total production (’000 t) 165.92 29.09 21.26

Small processor production (’000 t) 33.32 21.01 170.59

Large processor production (’000 t) 132.6 8.09 6.5

Total consumption (’000 t) 113.77 –1.03 –0.9

Total income (US$ million) 7.91 1.77 28.8

Small processor income (US$ million) 0.95 0.6 167.3

Large processor income (US$ million) 6.95 1.17 20.27

Processor price (Dong/kg) 1990.0 0 0

 

Starch exports

 

Value exports (US$ million) 15.64 9.04 136.78

Total export income (US$ million) 3.63 2.1 136.8

Quantity exports (’000 t) 52.15 30.12 136.79

 

Production shares (%)

 

Cassava for food 13.8 –1.2 –8.02

Cassava for feed 50.6 –4.41 –8.02

Cassava for wet starch 1.98 0.5 33.58

Cassava for dry starch 33.63 5.12 17.96

 

Income shares (%)

 

Farm income 69.51 –0.45 –0.64

Feed income 9.76 –1.74 –15.14

Processing income 20.73 2.19 11.81

Wet starch income 1.39 –0.5 –26.61

Dry starch income 19.34 2.69 16.18

Small processor income 3.42 1.35 65.08

Large processor income 17.31 0.84 5.12

 

Total income

 

Total income (US$ million) 40.89 4.01 10.87

 

Table 9B

 

.  (Cont’d) Results of starch industry model for Vietnam (SIMV) simulation: 10% injection of capital to
small processors only.

Amount Change Percentage change
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Table 9C

 

. Results of starch industry model for Vietnam (SIMV) simulation: 10% injection of capital to large
processors only.

Amount Change Percentage change

 

Cassava

 

 

 

market

 

Production (’000 t) 2006.53 6.66 0.33

Food consumption (’000 t) 298.04 –2 –0.67

Farm price (Dong/kg) 282.29 2.34 0.83

Retail price (Dong/kg) 350.29 2.34 0.67

Farm income (US$ million) 26.1 0.3 1.17

 

Feed market

 

Production (’000 t) 302.71 –2.03 –0.67

Farm price (Dong/kg) 1011.0 0 0

Retail price (Dong/kg) 1256.0 0 0

Feed consumption (’000 t) 190.7 0 0

Exports (’000 t) 112.01 –2.03 –1.78

Value exports (US$ million) 11.31 –0.21 –1.78

Feed income (US$ million) 4.21 –0.03 –0.71

 

Wet

 

 

 

starch

 

 

 

market

 

Retail price (Dong/kg) 1196.45 –3.45 –0.29

Total production (’000 t) 40.9 0.09 0.23

Small processor production (’000 t) 27.9 –0.26 –0.92

Large processor production (’000 t) 13.0 0.35 2.78

Total consumption (’000 t) 40.9 0.09 0.23

Intermediate consumption (’000 t) 29.04 0.07 0.23

Processor price (Dong/kg) 1101.45 –3.45 –0.31

Total income (US$ million) 0.7 0 0.38

Small processor income (US$ million) 0.4 –0.01 –1.29

Large processor income (US$ million) 0.3 0.01 2.34

 

Dry starch market

 

Retail price (Dong/kg) 2442.0 0 0

Total production (’000 t) 140.65 3.82 2.8

Small processor production (’000 t) 12.24 –0.07 –0.58

Large processor production (’000 t) 128.4 3.9 3.13

Total consumption (’000 t) 114.79 –0.01 –0.01

Total income (US$ million) 6.41 0.27 4.44

Small processor income (US$ million) 0.36 0.01 1.42

Large processor income (US$ million) 6.05 0.27 4.65

Processor price (Dong/kg) 1990.0 0 0
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Starch exports

 

Value exports (US$ million) 7.76 1.15 17.4

Total export Income (US$ million) 1.8 0.27 17.41

Quantity exports (’000 t) 25.85 3.83 17.4

 

Production shares (%)

 

Cassava for food 14.85 –0.15 –1

Cassava for feed 54.46 –0.55 –1

Cassava for wet starch 1.48 0 –0.09

Cassava for dry starch 29.21 0.7 2.45

 

Income shares (%)

 

Farm income 69.75 –0.21 –0.31

Feed income 11.25 –0.25 –2.17

Processing income 19.0 0.46 2.5

Wet starch income 1.87 –0.02 –1.15

Dry starch income 17.13 0.49 2.92

Small processor income 2.04 –0.03 –1.49

Large processor income 16.96 0.49 3.0

 

Total income

 

Total income (US$ million) 37.43 0.55 1.48

 

Table 9C

 

. (Cont’d) Results of starch industry model for Vietnam (SIMV) simulation: 10% injection of capital to
large processors only.

Amount Change Percentage change
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Appendix 1. Description of the starch industry model for Vietnam (SIMV).

The model below is a linear programming model designed to examine the effects of various policies and exogenous
shocks on the starch subsector. The following is a list of the endogenous variables in the model. All quantities are
denoted in ’000 t:

Variable Description Number of variables 

qG
s Total supply of commodity G 4

qG
d Total demand of commodity G 4

qd
c,G Demand for cassava by commodity G 4

qs
wet,N Supply of wet starch from group N 2

qs
dry,N Supply of dry starch from group N 2

qd
wet,W Demand for wet starch by end user W 5

qd
dry,D Demand for dry starch by end user D 8

pG
F Farm price for commodity G (Dong/kg) 4

pG
R Retail price for commodity G (Dong/kg) 4

Xfeed Exports of feed 1

Xdry Exports of dry starch 1

Mfeed Imports of feed 1

Mdry Imports of dry starch 1

Yfarm Farm income (US$ million) 1

Yfeed Feed income (US$ million) 1

Ywet, N Wet starch income for group N (US$ million) 2

Ydry, N Dry starch income for group N (US$ million) 2

Total 47

The exogenous variables used in the model are listed below:

Variable Description

z Exogenous shift parameters

~ Conversion rate of the number of cassava roots required to generate one unit of feed or starch

px Export price (US$/t)

pM Import price (US$/t)

MKT Marketing margins (Dong/kg)

TC Transportation costs (Dong/kg)

NER Nominal exchange rate 

L G,(N) Profit share for commodity G (for starch, differs by processor size, N, as well)

£N Initial proportion of dry starch produced by group N
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The first block of equations describes the cassava
market. The supply of cassava roots (equation A1) is
simply a function of the farmer price for cassava and
exogenous supply shocks, such as technology.

Since cassava is used as an input for food, feed, and
starch, we model each market separately (equations
A2 through A5). Cassava demand for food (equation
A2) is assumed to be a function of retail cassava prices
and exogenous changes in demand. Cassava demand
for feed (equation A3) and dry starch (equation A5) is
assumed to be the root equivalent of the total supply of
feed and starch, respectively. In the case of wet starch
(equation A4), demand for cassava by wet starch is the
root equivalent of the net supply of starch. Since a pro-
portion of wet starch is used as an intermediate input in
the production of dry starch, we must subtract interme-
diate uses in order to obtain net demand. Total demand
for cassava roots (equation A6) is simply the sum of
the demand for cassava from food, feed, and starch.

The second block of equations models the feed
market. Feed demand (equation A7) is a function of
retail feed prices and exogenous changes in meat
demand. Feed supply (equation A8) depends on input
prices (i.e. the retail price of cassava) and output prices
(i.e. the producer price for feed). 

The third block of equations focuses on the market
for wet starch. The supply of wet starch (equation A9)
is differentiated by the size of the processing unit
(small or large). While both groups face the same
prices, they have different initial endowments of
capital and starch. Total supply of wet starch (equation
A10) is the sum of small processor supply and large
processor supply.

The labels used are defined as follows:

Label Definition

c Cassava

food Cassava as food

feed Cassava feed

wet Wet starch

dry Dry starch

G All commodities (cassava as food, feed, wet starch, and dry starch)

XG Exported commodities (feed and dry starch), a subset of G

N Size of processor (small or large)

W End users using wet starch (intermediate uses, noodles, maltose, other food and glucose)

D End users using dry starch (noodles, maltose, other food, glucose, monosodium glutamate, 
pharmaceuticals, textiles, and paper)

ln ln ln,q p zc
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s
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Wet starch demand (equation A11) depends on the
various demands by different users of wet starch (e.g.
noodle factories, maltose factories). End-user demand
for wet starch is a function of the retail price of wet
starch as well as the retail price for dry starch, which
can be a substitute for wet starch. Wet starch demand
is also affected by exogenous shifts in demand for end-
use products, such as noodles or maltose. Total wet
starch demand is the sum of wet starch demand by end
users (equation A12).

The fourth block of equations is for dry starch
supply and demand. These are similar to the relation-
ships in wet starch. Dry starch supply is a function of
cassava retail prices and the producer price for dry
starch as well as the capital endowment for small and
large processors (equation A13). Total dry starch
supply is the sum of supply from small and large proc-
essors (equation A14). Dry starch demand depends on
the individual demand from the different end users for
dry starch (equation A15). For noodles, maltose, other
food, and glucose, dry starch demand depends on the
retail price of both wet and dry starch and on
exogenous shocks on those end products, since both
types of starch can be used as in input. For textiles,
paper, pharmaceuticals, and monosodium glutamate,
dry starch demand is function of only dry starch price
and exogenous shifters.3 Total dry starch demand is
the sum of the individual end-user demand for dry
starch (equation A16). 

The fifth block summarises the trade and price rela-
tionships within the cassava, feed, and starch markets.
Cassava and wet starch are assumed to be non-
tradable, so that total supply equals total demand
(equations A17 and A19, respectively). Since there are
exports of feed and dry starch, we model these markets
such that supply equals demand plus net exports
(equations A18 and A20). 

Domestic prices (equation A21) are defined such
that the difference between retail and farm prices is the
marketing margin. In addition, farmer prices plus
transportation costs and marketing margins must be at
least the level of the export price (equation A22).

Similarly, the retail price must be less than or equal
to the import price plus any marketing margins and
transport costs (equation A23).

The last block defines income for farmers, feed proc-
essors, and starch processors. Farm income (equation
A24) is the value, in US$ million, of cassava at
producer prices multiplied by the profit share for
cassava farmers (currently set at 0.53). Feed income
(equation A25) is the product of the profit share (0.15)
for feed processors and the value of feed supply. Since

3. In the case of monosodium glutamate, pharmaceuticals, 
textiles and paper —which only use dry starch— we 
assume that in equation A15, 
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a portion of feed is exported, we value domestic con-
sumption at farmer prices and exports at the world
price for feed. Wet starch income (equation A26) is
defined as the value of wet starch production for small
and large processors, each of whom has a different
profit share (0.15 for small processors, 0.24 for large
processors). Dry starch income (equation A27) is
similar to feed income, in that exports are valued at the
world price while domestic consumption is valued at
the producer price.4 

The model is written in GAMS (General Algebraic
Modeling System) using mixed complementarity pro-
gramming (MCP). With MCP, the programmer
specifies an equal number of equations and variables.
In addition, each inequality of the form f(x) G 0 is
explicitly linked to a complementary variable ¦, such
that ¦ f(x) = 0. Intuitively, when an inequality
becomes binding, it effectively increases the number
of equations in the system. In order to preserve the
balance between the number of equations and the
number of endogenous variables, a new variable must
also enter the system by becoming positive. In this
model, this only occurs with imports and exports. For
example, when the price relationship between the
export price and farm price becomes binding (i.e. farm
price plus marketing costs equals the export price), an
equation for exports (namely, X > 0) enters the system,
thus allowing for external trade.4. For this discussion, we have omitted the equations for total 

starch income, which are simply equations 26 and 27 
summed over the group, N.
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Quality Assurance: the Concept and its Evolution

 

W.C. Wong*, P.Mansour-Nahra†, I.Ogle† and N. Sorby-Adams*

 

Abstract

 

The objective of quality assurance is to build quality into processes of a system to prevent quality problems in
products or services. Its application to agribusiness, especially in postharvest technology, can contribute to
greater profitability and customer satisfaction. This paper presents the view that quality embraces wider
activities than the quality of a product. It considers the evolution of the concept of quality and its translation
into legal obligations for all stakeholders including designers, producers, packers, traders and users.

 

Q

 

UALITY

 

 management seeks to create prosperity
through human endeavour. It is a form of business
management committed to customer satisfaction
through continuous improvement. Since business
culture varies from country to country and from
company to company, there is no set standard form of
a good quality management program. Each single
program must be planned and implemented on the
basis of the nature of its activities and environment. A
quality management program cannot function as an
entity isolated from the daily managerial activities of
an organisation, nor can management be insulated
from the requirements of a quality system. However,
there are a number of guidelines available for the prep-
aration, implementation and maintenance of a quality
management system leading to certification. The ISO
9000:1994 series is the most recent international
standard to provide basic guidelines for quality man-
agement system certification. ISO 9000:2000, which
is currently in draft form, will soon be published.

Over the years, there have been significant changes
in the social responsibility of business, such as the
legal obligations to protect the employees and the
environment while supplying high quality and safe
products. An example is the European Community,
which had made compliance with the quality ISO 9000
series of standards necessary for suppliers to
that community. This was put into effect and enforced
in 1992 (Marquardt 1997).

Again, the environmental ISO 14000 standards
introduced in 1996 could also be used as a non-tariff
barrier to international trade (Rosenbaum 1997)
through the requirements of eco-labels (Wilson 1999).
To increase assurance in environmental quality, the
European Union has recently introduced a number of
standard procedures for sustainable agriculture. These
standards have been addressed in two publications
edited by Van den Brink et al. (1995) and Roling and
Wagemakers (1998). It is envisaged that this trend
may have far reaching consequences in agribusiness as
the capacity to meet these standards is virtually nonex-
istent in many Third World countries. For this very
reason, environmental factors must be addressed
during strategy formation and implementation (James
et al. 1999).

Yet again, compliance with workplace health and
safety (or work environment) standards is legislated in
many countries, and has already had a profound
impact on business activities worldwide (Window
1996).

A critical issue for agriculture is the food safety
standard HACCP (Hazard Analysis and Critical
Control Points) or food quality assurance, which has
also been incorporated into legal requirements that
apply to the food industry in the United States of
America (USA) (Tisler 1997), Canada (Anon. 1998)
and the European Union (Anon. 1996). The position of
legal requirements in applying standardised HACCP
uniformly to the Australian food industry is unclear at
the point of writing, as the Australian authorities are
leaning towards a number of local standards such as
HACCP-based quality assurance and the SQF 2000
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Quality Code: 1997. In New South Wales alone, there
are at least three types of systems recognised by the
authorities (Kellam 1995).

It has now become clear that governments in many
countries have imposed regulations and even legis-
lation to ensure acceptable quality and safety of
foodstuffs supplied to their people. The quality
concept and its management system evolve accord-
ingly under government intervention.

 

History in Brief

 

Quality has been associated with the acceptable per-
formance of products from very early times. The
precision of fit of the stones in the Egyptian pyramids
indicates well-developed production methods and
measuring procedures.

In the Middle Ages in Europe, the craft guilds were
self-regulating organisations composed of master
craftsmen, journeymen and apprentices. Each guild
laid down detailed regulations governing the quality of
its products. “Quality assurance was informal; every
effort was made to ensure that quality was built into
the final product by the people who produced it”
(Evans and Lindsay 1996).

In the early 1900s, F.W. Taylor (1856–1915)
developed a systematic approach for work improve-
ment through the application of knowledge, the use of
standard tools and conditions, and the use of moti-
vation with appropriate rewards. He argued that
product quality control was the responsibility of
inspectors. Since then, quality control departments
were created in organisations and the workers were cut
off from direct involvement in work improvement.

In the 1920s there was a re-emergence of interest in
quality through measurement. Statistical tools and the
PDCA (plan, do, check and act) cycle were developed
by Dr Shewhart (1891–1967). At Bell Telephone Lab-
oratories, new methods and theories of inspection for
maintaining and improving quality were being
developed. The early pioneers of quality assurance
such as Walter Shewhart, Harold Dodge, George
Edwards, W. Edwards Deming and Joseph Juran were
members of this group. It was here that the term
‘quality assurance’ was coined (Evans and Lindsay
1996).

In the 1930s, following the development of British
Standards, the application of statistical methods to
production was introduced. In Australia, the Standards
Association of Australia (SAA) was formed in 1929.

The American Society for Quality Control (ASQC),
the Australian Laboratory Accreditation System
(testing), and many worldwide societies were estab-
lished in this period.

The Second World War led to an emphasis on sta-
tistical quality control with the Military Standard.
After the war, Juran and Deming, along with other
industrial experts, contributed to Japan’s industrial
rehabilitation with the application of quality control
methods.

From a management perspective, Armand Fei-
genbaum wrote “Total Quality Control” in 1957 which
impressively brought together all the organisational
and managerial ideas relating to quality. Feigenbaum
introduced total quality control as an organisation-
wide responsibility and cost of quality as a means of
quantifying the benefits of its application. In 1970, the
Categories of Quality Costs were defined by ASQC.

Deming (1900–1990s) extended Shewhart’s ideas
into management theory, covering concepts and prin-
ciples of quality, a system approach to work,
distinguishing common and special causes and so on.
During the same period as Deming, Juran (1900–
1990s) put forward the theory of the quality trilogy —
planning, control and improvement.

A well-documented account of the historical devel-
opment of quality has been given by Banks (1989).
But he could not foresee the trends of the 1990s. In
Australia, for example, the State Government of
Queensland in 1987 passed legislation that required a
level of quality assurance as a basis for bidding for
Government contracts, and the other States and
Federal Government established similar standards of
endorsement. The European Community followed in
1992, and Hong Kong considered it in 1998. Oddly
enough, Australia then retreated from this position for
internal political and commercial reasons.

More recently, the European Community has
further strengthened its requirements through the CE
Mark system (Kolka 1997; Lemmel 1999) which is
concerned with product quality and safety entering the
European Community. Since the World Trade Organ-
ization is fostering open trade throughout the world,
there is emerging among market economies a need to
ensure that consumers in any country are protected in
both the quality and safety of the products they
purchase. Legislation in these markets will be aimed at
providing that protection.
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Evolution of the Meaning of Quality

 

The interpretation of the term ‘quality’ has evolved
along with the growth of managerial thinking. From
the historical Guild approach to measurable specifica-
tions, quality was defined as ‘fitness for use’. In the
1960s, the USA Consumer Product Safety Act and
similar legislation around the world gave impetus to
quality in a product being seen as ‘fitness for its
purpose’, which considered the customer’s expecta-
tions. But as products and services became more
diverse and complex, the notion of ‘conformance to
requirements’, then ‘conformance to agreed require-
ments’, seemed to embrace both the needs of the
customer as well as the need of the supplier to have
some objective criterion to know when acceptable
quality had been achieved. Finally, the ISO 8402:1987
definition embraced many of these aspects with “the
totality of features and characteristics of a product or
service that bears on its ability to satisfy stated or
implied needs”.

According to ISO/CD2 9000:2000, quality means
“achieving sustained customer satisfaction through
meeting customer needs and expectations within an
organisational environment committed to continual
improvement of efficiency and effectiveness”. Quality
control, quality assurance and continual improvement
are integral parts of a quality management system
focused on the fulfilment of quality requirements.

 

Quality Concept and Principles

 

The quality system is a management-led process; it
requires leadership and total commitment from senior
management to provide an appropriate infrastructure
to support the implementation of such a system. As
Crosby (1979) states, “the purpose of quality man-
agement is to set up a system and a management dis-
cipline that prevents defects from happening in the
company’s performance cycle”. To achieve this, it
involves fundamental change in both company culture
and the technologies employed by the business.

Combining the teachings of the quality theorists
with practical experience, one can identify a number of
critical factors in the total quality management (TQM)
implementation process that are common to sound
management theory. Based on Porter and Parker
(1993), these include the commitment of management,
strategy and structure, communication, training and
education, employee involvement, a focus on proc-
esses, and application of quality technologies. This is
in accord with critical factors identified in the

Malcolm Baldrige National quality Award (Anon.
1992), such as leadership, information analysis,
strategic quality planning, human resource devel-
opment, process quality, and customer focus and
satisfaction.

Clearly, these concepts of quality are based on the
early work of Shewhart, Deming, Feigenbaum,
Crosby, Ishikawa and Taguchi. It is an organisation-
wide approach to control, monitor and direct all
resources towards the attainment of corporate goals.
Although their approaches differ in techniques and
emphasis (Ghobabian and Speller 1994), they all have
a common objective—continuous improvement in
both quality and business performance through
customer satisfaction, a culture of total involvement,
the application of statistical tools, policy and mar-
keting. These elements must be fully and
simultaneously integrated leading the way to quality
improvement through the system.

 

ISO 9000 Standards and TQM

 

The ISO 9000 Standards reflect a narrow and static
inspection philosophy emphasising conformance to
specification and system maintenance. The certifi-
cation of ISO 9000 and quality audits provide indica-
tions that the organisation has achieved the minimum
requirements of the standards.

Total quality management systems constitute struc-
tured systems and managerial activities. These include
a mix of people issues and an understanding of
systems and tools of improvement. The people issues
are related to leadership. A critical role of leadership is
the determining of the organisation’s mission, vision
and guiding principles. Clearly, people are the key to
quality; it is determined by the senior managers with
the involvement of the whole organisation. Therefore
one of the primary conditions for the successful imple-
mentation of TQM is a quality culture; this emerges
from the values, beliefs, attitudes and prejudices
inherent in all the people in the organisation. These
attributes, along with the technology and traditional
methods of work, are the prime determinants of the
culture of an organisation. To imbue everyone in the
organisation with a quality philosophy focused on
alignment of strategies, structures and functions with
environmental demands, means achieving a culture
change in management behaviour.

There are important ISO requirements common to
the philosophies of TQM. These include management
responsibility, training, process control, statistical
techniques, a quality system and internal quality audits
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(Smith and Angeli 1995). Therefore, the interrela-
tionship between ISO 9000 and TQM can be
illustrated by the following equation (Lim and Niew
1995; Smith and Angeli 1995):

TQM = People (culture) + tools (technique for
improvement) + system (ISO 9000) (1)

It is indisputable that conformance to technical
standards is only part of the total process of satisfying
customers while making a profit. ISO 9000 is an
integral part of TQM; it acts as a concrete foundation
on which to build a quality organisation. It provides
guidance in the application of quality improvement
tools, techniques, the application of performance
measures to the whole system, and provides a struc-
tured approach to the deployment of an appropriately
trained workforce.

ISO 9000 is at the basic end of the quality man-
agement spectrum, with a focus on survival in the
marketplace. This standardisation loop does not of
itself constitute all the factors necessary for business
success (Fuchsberg 1992; Wenmoth and Dobbins
1994; Cooper 1995; Spenley 1995) although some
organisations claim that the installation of their ISO
9000 certified system or TQM program has improved
their business performance (Deming 1982; Garvin
1988; Teare et al. 1994).

 

Evolution from Quality Management 
to a Total Business System

 

To ensure competitiveness, business strategists have
been concerned with the alignment between the
internal and external environments in which they
compete (Miles and Snow 1985; Mintzberg and
Waters 1985; Johnson and Scholes 1997) although
external forces are in a state of continuous change.
Quality practitioners are not usually concerned with
alignment issues during the implementation of quality
programs. They focus on operational effectiveness
(Porter 1996; Ahire 1997) and are usually concerned
with the compliance to certification or quality award
requirements.

In a turbulent environment, technical standards and
TQM systems are not, and were not intended to be, a
sufficient strategy to address the growing complexity
of doing business. While some argue that TQM by
itself cannot succeed unless it is integrated with other
time-based philosophies such as just-in-time, total
quality control, total production management, group
technology and design for manufacturability (Miyake
et al. 1995; Youssef et al. 1996), others point out that

quality means little in business unless it is fully incor-
porated into business strategy (Brown and van der
Weile 1996; Liston 1996; Seghezzi 1997; Collins and
Hill 1998; Wong et al. 1998). One might conclude that
the failures were most likely associated with the lack
of strategic links. At the same time, experience clearly
shows that the application of business strategies has
not in itself ensured excellence; hence the important
perspective promoted in this paper is that the business
strategy must have a conscious quality dimension if it
is to contribute to improved performance and
competitiveness.

The evolution of quality in business has been
summed up into four paradigms by Miller (1993); he
suggested quality control was followed by quality
assurance, then TQM, and finally what he calls
‘quantum quality’, where learning, creativity, values
and sustainability are keynotes for business. Each
phase was an improvement based on a response to
cultural, political, social and economic environments.
It is now evident that the way TQM, or even quantum
quality, was understood and implemented in the 1980s
or 1990s will become less useful in response to com-
petitive demands in the 21

 

st

 

 century. The key to
increase the speed of design, development, pro-
curement, manufacturing and systems integration
must be identified within a specific time-frame, since
the requirements may be subject to change on short
notice under government intervention. Clearly, the
quality paradigm has now moved into a new
dimension as proposed by the authors. This is what we
call ‘business systems integration’. It involves
meeting stakeholders’ expectations through the
alignment of corporate strategies with operations
functions and compliance with legal obligations; it is
founded on innovation and learning, knowledge
creation, organisational agility, improvement of stake-
holder values through system capability, competency
and safety. 

Under government and community intervention,
there are at least three (if not more) technical standard
systems that need to be incorporated into a business
plan in order to comply with the legal and regulatory
requirements. For example, the implementation of
ISO/CD2 9001:2000 needs to address ISO 14001 and
AS/NZS 4804 for a manufacturing firm, whereas
companies involved in food production or food-
related activities may be required to address ISO
14001, AS/NZS 4804 and HACCP. Similar require-
ments have been addressed in the CE Mark system. In
their recent publications, Mangelsdorf (1998) and
Seghezzi (1997) strongly support the harmonisation of
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these technical standards under one management
system, although integration methodology is not yet
available.

In response to the needs for integration, many
companies in the United Kingdom have made attempts
to achieve a fully integrated, single management
system covering quality, environment, and health and
safety, but with little success (Hillary 1997). These
include the initial attempts made to integrate HACCP
with TQM for retail and food service programs and the
guide to integrate ISO 9001/2 with HACCP for the
food industry (Bolton 1997).

In Australia, the Agriculture and Resource Man-
agement Council of Australia and New Zealand
(ARMCANZ) has published a number of HACCP-
based quality assurance standards, e.g. AS 4461: 1997
for hygienic production of meat for human con-
sumption. AS 4461:1997 (Anon. 1997) is essentially
the replica of ISO 9002, except that the entire clause
4.9 (process control) is replaced by the seven prin-
ciples of HACCP. However, these standards are far
from adequate and are not able to comply fully with
the requirements of the current legislation and
regulations.

More recently, Wong et al. (1998) have put forward
a total business system (TBS) covering the integration
of quality (ISO 9001), environment (ISO 14001), agri-
culture and food safety (HACCP), workplace health
and safety (AS/NZS 4804) and business strategies. All
the technical standards described in this model are
sub-systems of the total business system. This model
(Figure 1) is a self-generating, ‘double loop’ learning
process which contains a consistent set of principles,
procedures and techniques. It provides an umbrella
under which all the requirements of stakeholders can
be implemented synchronously under a single
auditable management system. These include:
• financial goals for the firm; and
• non-financial goals for the satisfaction of

customers, suppliers, employees, regulators, the
global community, social groups and ecology.
Undoubtedly, the 21

 

st

 

 century quality management
system is going to be different from what it was in the
1980s or 1990s. It will require an appropriate culture
of quality improvement be introduced to a globally
competitive organisation.

 

Impact and Legal Implications of 
Standards and Regulations on Trade

 

There is an increasing demand in the global marketplace
for regulation regarding the supply of high quality and
safe products. Companies that fail to implement ISO
14001 to protect the environment, ISO 9000 series
standards for quality, or the HACCP standard for food
quality and safety will be unable to compete in Europe,
the USA, Canada, Australia, Japan and elsewhere.
Under the Food Act in the United Kingdom and Aus-
tralia, poor quality may result in serious consequences
of liability. In the USA, the sale of poor quality products
could lead to product liability litigation and insurance
difficulties (Helms and Hutchins 1992). The breach of
workplace safety, product safety and environmental
safety has recently proven to be costly to some national
and international organisations (The Courier-Mail,
Brisbane, Australia—June 04, 05 and 18; August 11
and 12 1999).

More recently, a complex and comprehensive regu-
latory product certification framework has been
introduced into the European Union (Lemmel 1999).
This is commonly known as the European Union Con-
formity Assessment Requirements or the ‘CE
Marking’ system. These New-Approach directives
contain a set of essential requirements covering safety,
health and environmental components. In these direc-
tives, manufacturers (or producers), importers,
distributors, assemblers and installers bear liability for
product failures. Failure to take measures, or cor-
rective measures, to comply with a directive will
amount to a serious breach of Community law. It
appears that the European Union has intensified its
certification procedures beyond traditional proce-
dures. The intention is to improve and maintain the
reliability and safety of products marketed in the
European Community.

It is generally accepted that to achieve a ‘Due Dili-
gence’ defence, one must actively observe the
principles of the relevant international standards or
equivalent legislation as discussed. Clearly, busi-
nesses now have to be adept in complying with
appropriate standards and regulations, and still be able
to make a solid profit. Commercial growers who do
not comply fully with the appropriate standards or leg-
islation should be aware of the risks. Similarly,
agricultural scientists who are the product designers
providing advice on the growing of crops and post-
harvest treatments should also be aware of their legal
obligations.
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It is now apparent that environmental, quality and
safety standards have a significant impact on compet-
itiveness and corporate strategy (Porter and van de
Linde 1995a,b; Rao 1996; Rugman and Verbeke
1998). Similarly, standards and legislation should
have significant impact on agrifood production
processes (pre and postharvest) and business decision
making.

The above issue is further supported by the new ISO
standards (ISO/CD2 9001:2000), and the United
Nations Industrial Organization (Wilson 1999). It
appears that a new conceptual framework, which is
capable of embracing national legal requirements and
international standards under a single management
system, must be developed to address these require-
ments. However, firms do not succeed on operations
and procedures alone—these operational procedures
must be incorporated into the business strategy
framework.

 

Discussion

 

It has now become evident that as business compe-
tition is getting tougher under the intervention of
standards and legislation, the production or service
design (including crop production, postharvest
treatment, processing, packaging, distribution etc.)
will have to be evolved according to the market
perceived quality or expectation. The intention of the
change is an attempt to improve productivity through
adaptation. Therefore, some of the common quality
rules in the 1980s and 1990s are becoming less useful
as the quality evolution movement continues (Miller
1993; Wong et al. 1998).

This implies that the attainment of TQM philosophy
may no longer guarantee a competitive position in the
21st century—we must go beyond TQM. It is further
evident that if ISO standards or TQM programs are not
incorporated into business strategies, their implemen-
tation can be regarded as irrelevant. Likewise,
business strategies will be difficult to realise without
quality programs. This means different business strat-
egies call for different quality strategies. Clearly, these
two elements must be used interactively and this
problem can be overcome by the use of the total
business system framework presented by Wong et al.
(1998; see Figure 1).

It is becoming very clear and widely accepted that
quality is heavily dependent upon the guiding prin-
ciples of values, culture and ethos (Duncan 1972).
Culture, beliefs and values also guide the daily opera-
tional behaviour of a company. As consumers are

always guided by habit or expectation, the very values
and ethos of a company must be evolved accordingly. 

The above concluding remarks further confirm that
technical standards, legislation and strategies must be
fully integrated into the existing production plan or
research program should we wish to succeed in
business against the complexity of the changing global
business environment.

 

References

 

Ahire, S.L. 1997. Management science—total quality
management interfaces: an integrative framework.
Interfaces, 27, 91–105.

Anon. 1992. The Malcolm Boldrige National Quality
Award 1992. Application Guidelines. United States of
America, National Institute of Standards and
Technology.

Anon. 1996. Seafood exporters to the European Union (EU).
<http://ifse.tamu.edu/alliance/seafood.html>.

Anon. 1997. AS 4461: 1997 Australian Standard for
hygienic production of meat for human consumption.
Standing Committee on Agriculture and Research
Management (SCARM) Report No. 54 (2nd edition).
Melbourne, Commonwealth Scientific and Industrial
Research Organisation (CSIRO) Publishing.

Anon. 1998. Food safety enhancement program (FSEP).
<http://www.cfia-acia.agr.ca/english/food/haccp
/manual/01-01.html>.

Banks, J. 1989. Principles of quality control. New York,
John Wiley, 3–26.

Bolton, A. 1997. Quality management systems for the food
industry: a guide to ISO 9001/2. London, Blackie
Academic and Professional, 193p.

Brown, A. and van der Wiele, T. 1996. Integrating quality
and business planning using a self-assessment matrix. In:
Kanji, G.K., ed., Total quality management in action.
London, Chapman and Hall, 148–152.

Collins, L.K. and Hill, F. 1998. The significance of business
process reengineering in organisational change
strategies: some survey findings. In: Ho, S.K.M., ed., ISO
9000 and total quality management: Proceedings of the
third international conference. Hong Kong, Hong Kong
Baptist University.

Cooper, P. 1995. How standards achieve efficiency.
Management, May, 20–22.

Crosby, P.B. 1979. Quality is free. New York, McGraw-
Hill.

Deming, W.E. 1982. Quality, productivity and competitive
position. Cambridge, Massachusetts Institute of
Technology (MIT), Centre for Advanced Engineering
Study, 373p.

Duncan, R.B. 1972. Characteristics of organisational
environment and perceived environmental uncertainty.
Administrative Service Quarterly, 17, 313–327.

Evans, J.R. and Lindsay, W.M. 1996. The management and
control of quality, 3

 

rd

 

 edition. New York, West
Publishing Company, 767p.

Fuchsberg, G. 1992. Quality programs show shoddy results.
Wall Street Journal, May 14, B1.

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)



 

48

 

Garvin, D.A. 1988. Managing quality: the strategic and
competitive edge. New York, Free Press.

Ghobadian, A. and Speller, S. 1994. Gurus of quality: a
framework for comparison. Total Quality Management,
5, 53–69.

Helms, M. and Hutchins, B.A. 1992. Poor quality products:
is their production unethical? Management Decision, 30,
35–46.

Hillary, R. 1997. Total environment management.
<http://www.mcb.co.uk/services/conference/jan97/tqm/
tqasia/theme 11.htm>.

James, P., Ghobadian, A., Viney, H. and Liu, J. 1999.
Addressing the divergence between environmental
strategy formulation and implementation. Management
Decision, 37: 338–347.

Johnson, G. and Scholes, K. 1997. Exploring corporate
strategy, 4

 

th

 

 edition. London, Prentice Hall, 507p.

Kellam, J. 1995. Food safety and standards: trade practices
and product liability. In: Food Safety and Standards
Conference, 11–12 July 1995, organised by IBC
Conferences Pty Ltd, Melbourne.

Kolka, J. 1997. The European Union and conformity
assessment. In: Peach, R.W., ed., The ISO 9000
handbook, 3

 

rd

 

 edition. London, Irwin, 605–628.

Lemmel, M. 1999. Guide to the implementation of
directives based on new approach and global approach.
European Commission, Directorate-General III
(Industry), unpublished draft.

Lim, T.E. and Niew, B.C. 1995. Quality management
systems: assessment to ISO 9000:1994. Singapore,
Prentice Hall, 420p.

Liston, A. 1996. Planning for excellence. In: Kanji, G.K.,
ed., Total quality management in action. London,
Chapman and Hall, 102–107.

Mangelsdorf, D. 1998. Evolution from quality management
to an integrative system in modern business. Total
Quality Management, 9, S164–S166.

Marquardt, D.W. 1997. Background and development of
ISO 9000 standards. In: Peach, R.W. ed., The ISO 9000
handbook, 3

 

rd

 

 edition. London, Irwin, 10–30.

Miles, R.E. and Snow, C.C. 1985. Organisational strategy:
structure and process. New York, McGraw-Hill, 274p.

Miller, W.C. 1993. Quantum quality. Quality resources.
New York, White Plains.

Mintzberg, H. and Waters, J.A. 1985. Of strategies,
deliberate and emergent. Strategic Management Journal,
6, 257–272.

Miyake, D.I., Enkawa, T. and Fleury, A.C.C. 1995.
Improving manufacturing systems performance by
complementary application of just-in-time, total quality
control and total productive maintenance paradigms.
Total Quality Management, 6, 345–363.

Porter, L.J. and Parker, A.J. 1993. Total quality
management—the critical success factors. Total Quality
Management, 4, 13–22.

Porter, M.E. 1996. What is strategy? Harvard Business
Review, Nov–Dec, 61–78.

Porter, M.E. and van de Linde, C. 1995a. Green and
competitive. Harvard Business Review, Sep–Oct, 120–
134.

Porter, M.E. and van de Linde, C. 1995b. Toward a new
conception of the environment–competitiveness
relationship. Journal of Economic Perspectives, 9, 97–
118.

Rao, S.M. 1996. The effect of published reports of
environmental pollution on stock prices. Journal of
Financial and Strategic Decisions, 9, 25–32.

Roling, N.G. and Wagemakers, M.A.E. 1998. Facilitating
sustainable agriculture. Cambridge, Cambridge
University Press, 318p.

Rosenbaum, S.W. 1997. ISO14000: legal advantages of
replacing command and control regulation. Practice
Periodical Of Hazardous, Toxic And Radioactive Waste
Management, 1, 124–126.

Rugman, A.M. and Verbeke, A. 1998. Corporate strategies
and environmental regulations: an organizing
framework. Strategic Management Journal, 19, 363–375.

Seghezzi, H.D. 1997. Business concept redesign. Total
Quality Management, 8, s36–s43.

Smith, J.A. and Angeli, I.I. 1995. The use of quality function
deployment to help adopt a total quality strategy. Total
Quality Management, 6, 35–44.

Spenley, P. 1995. Step change total quality: achieving world
class business performance, 2

 

nd

 

 edition. London,
Chapman and Hall, 189p.

Teare, R., Atkinson, C. and Westwood, C. 1994. Achieving
quality performance: lessons from British industry.
London, Cassell, 172p.

Tisler, J.M. 1997. FDA’s application of HACCP to retail
food systems. <http://vm.cfsan.fda.gov/~dms/ haccpret.
html>.

Van den Brink, W.J., Bosman, R. and Arendt, F. (ed.) 1995.
Soil and environment: contaminated soil, volume 1.
Proceedings of the 5th international FZK/TNO
conference on contaminated soil, 30 Oct–3 Nov 1995,
Maastricht, The Netherlands. London, Kluwer Academic
Publishers, 1,662p.

Wenmoth, B. and Dobbins, D. 1994. Experiences with
implementing ISO 9000. Asia Pacific Journal of Quality
Management, 3(3), 9–27.

Wilson, S.R. 1999. The impact of standards on industrial
development and trade. Quality Progress, July, 71–75.

Window, J. 1996. Planning occupational health and safety.
4

 

th

 

 edition. Sydney, CCH Australia Limited.

Wong, W.C., Ogle, I.F. and Mansour, P. 1998. Total
business system: a generic model for the integration of
international standards and business strategies.
Proceedings of Pan Pacific Qualcon, 98, 185–193.

Youssef, M.A., Boyd, J. and Williams, E. 1996. The impact
of total quality management on a firm’s responsiveness:
an empirical analysis. Total Quality Management, 7,
127–144.

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)



 

49

 

New Food Processing and Preservation Technology

 

A. Noguchi*

 

Abstract

 

Variable shelf life and increasing competition require the food industry to have more technological innovation
in food processing and preservation. This paper outlines several types of new food processing and preservation
technologies which are playing a leading role at present and will do so in the future. These technologies include
membrane technology, low-temperature technology related to chilling and freezing, use of electromagnetic
waves, extrusion cooking, high-pressure cooking, and Ohmic heating.

 

Membrane Technology

 

T

 

O

 

 

 

CONCENTRATE

 

 a liquid or separate components
from a liquid, distillation, extraction, adsorption, fil-
tration etc. are generally used. The method of using
pressure in the concentration process and performing
molecular-level filtration is an energy-saving
technique known as membrane technology. Food
processors are now using various kinds of membranes,
which include: fine filtering membranes capable of
separating microbe-like fine particles from about
several 

 

µ

 

m to 0.1 

 

µ

 

m; ultrafiltration membranes
capable of filtering finer components as well as such
biopolymers as protein and starch; reverse osmosis
membranes (Figure 1) capable of permeating only
water and concentrating salt, sugar, amino acids,
aromatic constituents, biopolymers or other solutes;
and electric dialysis membranes capable of isolating
electrolytes by potential differences.

 

Reverse osmosis concentration

 

This method was developed for desalinating
seawater into fresh water. It uses synthetic high
polymer membranes, such as cellulose acetate and
polysulfone, and concentrates liquids by removing
water using pressure. Semi-permeable membranes
placed between water and a liquid cause the water to
move into the liquid side, but if a pressure higher than

the osmotic pressure (50–100 kg/m

 

2

 

) is applied to the
liquid, the water in the liquid moves to the water side.
Since the latter phenomenon is opposite to normal per-
meation, it is called reverse osmosis. Characteristics of
the reverse osmosis concentration method are: energy
consumption is small because no phase change occurs;
formation of heat-induced flavour and discoloration
do not take place in the product; and there is no great
loss in the nutritive value and flavour. Since this
method employs no heat, there is a need to prevent the
growth of microorganisms during the concentration
process. It reduces the volume of food, thus making it
easier to transport the product, and is widely adopted
mainly in the production of fruit juice, soup and other
food categories in which flavour is regarded as most
important.

 

Ultrafiltration

 

Ultrafiltration membranes have a greater pore
diameter than those used for reverse osmosis through
which low molecular weight solutes can pass. Since
the difference in osmotic pressures arising in filtration
is smaller, these membranes generally can separate
high-polymer substances with low pressures of 3–10
kg/m

 

2

 

.

 

Application of membrane technology to 
food production

 

As noted above, reverse osmosis and ultrafiltration
membranes filter substances differently, according to
molecular weights. Thus, the combination of these two
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membranes has many applications. For example,
cheese whey contains salt and cannot easily be used as
food as is. However, ultrafiltration can collect protein
from the whey first, then by concentrating the filtrate
by reverse osmosis and desalinating it by electric
dialysis, lactose can be separated. Both the protein and
lactose can be used to make food. Table 1 shows the
principal applications of membrane technology to
food production in Japan.

 

Low-temperature Technology 
Related to Chilling and Freezing

 

Since low temperatures can keep food quality stable, a
variety of techniques have been developed to use low
temperature positively for food processing and distri-
bution. For example, freeze-drying, freeze-concen-
tration and freeze crushing are widely used in food
processing, and freezing and chilling are used for food
storage and distribution.

 

Frozen storage and chilled distribution

 

Because microorganism growth is reduced at low
temperatures, freezing and cold storage are often used
for perishable food. Japan imports from Asian
countries a large quantity of frozen vegetables, mainly
such root vegetables as carrot, taro and lotus root. It
also imports partly processed food, such as skewered
chicken and eel, in a frozen or chilled state. Chilled
beef, vegetables etc. are also transported from
Australia.

 

Freeze-drying

 

This is the method of freezing food etc. and
warming it in a vacuum state, thus drying it. Since the
food is dried under a low temperature and under
vacuum conditions, the loss of its colour, flavour,
nutritional constituents etc. is small. This method can
make products with good restorative properties. It is
now adopted for the production of many prepared
foods and their ingredients. For example, coconut milk
is turned into flour by freeze-drying.

Membrane Membrane Membrane

Low pressure
filtration range: particle size of 
about 0.1–several µm

Medium pressure
filtration range: molecular weight
of several thousand to several
hundred thousand

High pressure
filtration range: molecular weight
of dozens to several hundred

Microfiltration Ultrafiltration Reverse osmosis

Fine
particle

Macro-
molecule

Low 
molecule Water

Fine
particle

Macro-
molecule

Low 
molecule Water

Fine
particle

Macro-
molecule

Low 
molecule Water

Figure 1. Comparison of microfiltration, ultrafiltration and reverse osmosis.

Table 1.  Examples of the application of membrane technology.

Microfiltration Ultrafiltration Reverse osmosis

• Bottling (aluminium canning)
• Removing microorganisms from 

draft beer and wine brewing

• Clarifying apple juice
• Brewing draft sake (rice wine)
• Separating soybean protein
• Refining enzymes
• Collecting proteins from cheese 

whey

• Concentrating fruit juice, egg white, 
coffee, cheese whey

• Brewing wine, low-alcohol beer
• Processing soybean whey
• Treating liquid waste from starch 

processing
• Collecting valuable components 

from animal blood
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Freeze-concentration

 

If an aqueous solution is partly frozen into a sherbet
state, its solutes remain an aqueous solution in a con-
centrated form rather than being taken into the ice.
Freeze-concentration is the method of making use of
this phenomenon to separate ice from a concentrated
solution by a centrifugal or column process and thus
further concentrating the solution. This can be called
an energy-saving technique because it uses less latent
heat than that of heating concentration. This method
has another good characteristic—because the concen-
tration is performed at a low temperature, only small
qualitative changes occur. It is now applied to the con-
centration of fruit juice, coffee and other products.

 

Use of Electromagnetic Waves

 

‘Electromagnetic waves’ is the generic term meaning
the waves transmitted in space as the changes in the
electric field over time. The wave having the shortest
wavelength is the 

 

~

 

-ray, followed by the x-ray, ultra-
violet rays, visible rays, infrared rays and radio waves
(Figure 2). In food processing, electromagnetic waves
are extensively used mainly as the means of sterili-
sation and heating. Seen from the sterilisation action,

 

~

 

-rays, X-rays and ultraviolet rays have great energy
and can directly destroy the molecular structure of the
object and sterilise it. These are cold sterilisation tech-
niques using no heat. Infrared rays and microwaves
(radio waves) impart vibrational energy to molecules,
thus causing heat generation and sterilising the
product with this heat.

 

Sterilisation using irradiation

 

Sterilisation through irradiation is effective even for
those objects hard to sterilise with heat, such as plastic

containers, dried food and grains. It is considered that
this method is highly effective, energy-saving and
very safe (the Recommendations on Safety by the joint
committee of International Atomic Energy Agency
(IAEA), Food and Agriculture Organization of the
United Nations (FAO) and World Health Organization
(WHO) 1981). The accelerated electron beam, a type
of radioactive ray, has a weak transmissivity, yet a
high dose ratio, and so can kill bacteria in a short time.

 

~

 

-rays and X-rays have strong transmissivity and
studies have been conducted as to the irradiation
methods which take advantage of this characteristic.
Examinations from practical standpoints are also
being made regarding the type of microorganisms and
sterilisation effects, changes in food constituents and
so on.

In Japan, irradiation is employed mainly for the ster-
ilisation of food containers, medical appliances etc.
and the de-budding of potato. It is internationally
accepted that irradiation is the technology that could
have a relatively great effect on the food industry.

 

Sterilisation using ultraviolet rays

 

Ultraviolet rays are known as sterilising rays, espe-
cially the wavelength of 254 nm. This wavelength has
the capacity to damage the genes and nucleoproteins in
the cell and has strong sterilising power. Formerly, this
ray was used by pharmaceutical and food producers,
hospitals etc. to reduce microorganisms in the air and
to sterilise food, surfaces of utensils and drinking
water. High-output ultraviolet ray lamps have recently
been developed and for use in sterilisation of food and
packaging materials for aseptic packaging systems
and for other purposes.
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~-ray x-ray ultraviolet 
light
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Figure 2. Types and wavelengths of electromagnetic waves.
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Infrared heating

 

As a result of recent technological innovation in
ceramics etc., good infrared ray radiating units with
high energy conversion rates and different wavelength
characteristics have been developed in succession, and
these units have begun to be used in the food
processing area. New radiating units are capable of
efficiently radiating infrared rays of a wavelength of
about 25–30 

 

µ

 

m and the rays radiated are converted
into heat on the surface of food. The rays do not heat
metal, air etc. and so show good energy efficiency. The
infrared ray is expected to penetrate the food to some
extent, too. In Japan, this method is now widely
applied to the cooking of food etc.

 

Microwave heating

 

Microwaves are the radio waves with a high
frequency (300 MHz–30 GHz), and those of 915 MHz
and 2,450 MHz are used in Japan for food preparation.
The most common application of microwave heating
is microwave ovens for household and business uses.
If food and other dielectrics are subjected to micro-
waves, the water and other polar molecules (dipoles)
contained in the food etc. vibrate heavily and generate
heat.

Microwave heating has many good characteristics.
Its heating rate is high and so is its heating efficiency.

It can heat uniformly even sponge-like and paste-like
food and food with complicated shapes. It can selec-
tively heat the food containing moisture or other
constituents. The microwave heating unit is easy to
operate and control and highly safe, making it possible
to keep the working environment clean. This method is
employed for the sterilisation and drying of food,
coagulation of protein paste food, thawing of frozen
food, reheating of precooked foods, and killing of
grain insects. Recent applications include the sterili-
sation of food containing much moisture, such as
semisolid food and highly viscous food, and high-tem-
perature sterilisation under pressure.

 

Extrusion Cooking

 

Extrusion cooking is the technology of using a unit
called extruder to make food, food materials, feed and
so on. As shown in Figure 3, this unit is composed of
a feeder (which feeds materials), a barrel, screws, dies,
a heater or cooler, and a motor part. Of these, the
screws are the most important parts in terms of per-
formance. Different numbers or shapes of screws
produce different physical and chemical phenomena
within them, and by making the most of their diverse
functions, various types of units have been invented
and adopted. Generally speaking, twin-screw
extruders, i.e. those equipped with two screws, can
handle a wider range of moisture contents of the

Solid or viscous
materials
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Figure 3. The extruder and its functions.

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)



 

53

materials (5–95%) and can realise more diverse
processing forms than single-screw models. The
materials fed to the barrel from the feeder are sent to
the end of the barrel with the screws, during which
time they are compressed, mixed and sheared. Around
the end of the barrel, the materials are melted under
high temperature and pressure and molded or swollen
when discharged from the dies. Using this process,
starch is gelatinised within a short time and its
molecules are sometimes modified, while protein is
dissociated or cross-linked, and thus texturised.

This technology can cover many unit operations of
food making. Thus it improves the efficiency of the
production process and saves energy consumption and
space. Extrusion also offers the potential for using new
food materials which cannot be handled by conven-
tional food processing techniques. Considering future
food production, extrusion cooking is very promising.

 

High-pressure Cooking

 

If a high pressure of 300–600 MPa is applied to food,
protein is denatured, starch is gelatinised, and enzyme
reactions and aging are inhibited or accelerated
depending on the conditions (Figure 4). It has been
known that these phenomena can be used to process or

sterilise food and to make tasty products with no qual-
itative losses caused by heating. When a high pressure
of several hundred MPa is applied, most microor-
ganisms will be killed but their sensitivity to pressure
differs according to the species and such environ-
mental conditions as pH, temperature and solute con-
centration.

While usual bacilli will be inactivated or killed at
300 MPa or so, yeast and moulds show a stronger
resistance to pressure and will be killed at 400 MPa.
Cocci, such as micrococcus, streptococcus and staphy-
lococcus, are more resistant to pressure and a pressure
of 600 MPa or more and a temperature of 60°C or more
are needed to kill them. The high-pressure cooking
units available today do not have adequate capacity to
apply a high pressure of 600 MPa or more repeatedly
and it is difficult to design a machine to perform con-
tinuous processing. Combined with the problems of
heat-resistant spores, pressure-tolerant enzymes etc.,
this has been a serious obstacle to wide application of
high-pressure cooking. For the time being, this tech-
nology will gradually be applied to the processing of
food such as fish and meat products or starch gelatini-
sation and to the simple and easy sterilisation of food
with an intermediate moisture content.

Sterilisation

Control of enzyme reactions

Food processing

• Control of ice growth 
• Defrosting at low temp. 
• Anti-freezing process

200 400 600 800 1000

Enhancement of chemical reactions

Extraction

Pressure range (MPa)

Figure 4. The effect of pressure and its applications.
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Ohmic Heating

 

The method of passing electricity through food to heat
it (Figure 5) has long been used for the production of
bread, breadcrumbs, fish products, tsukudani (small
fish boiled down in soy sauce and sugar) and so on. In
the West, this system was developed into the method
of continuously heating and sterilising thick fruit juice
and juice-containing particles and in 1986 APV Co.
succeeded in the commercialisation of a unit for steri-
lising fruit juice etc. using this method. Recently this
system has become applicable to liquid food with
many particles making it possible to use this unit for
almost all types of food.

Ohmic heating (also known as Joule heating) unit
has several good characteristics. It requires a shorter
heating time than other systems. Compared with
scraping-type heat exchangers, it can supply more
uniform heating for solid–liquid and highly viscous
food. It is possible to adjust the heating rate by the
addition of salt or a change in the applied voltage. The
unit consists of a pump, tubes, and an electrode. In
Ohmic heating, parts of the food having different
electric conductivity are heated to different degrees.
Therefore, it not only is a sterilising method but also
has the potential for selective heating.

 

Retort-packaged and Aseptically 
Packaged Food

 

Traditional techniques of sterilising food by heating to
prevent it from secondary contamination and to
preserve it for long periods include those used for
canned food and sausage. However, a relatively long
time is required for sterilisation in these methods, and
food quality is liable to be reduced. To minimise the
quality loss caused by heat and to raise sterilisation
effects, hot water and retort sterilisation techniques
have been introduced using small plastic bags and con-
tainers which can transfer heat efficiently. The retort-
packaged food is generally heated until its centre
reaches 121°C, and this temperature is maintained for
4 min or more. Food treated in this way can then be
maintained for long periods at room temperature. To
meet recent consumer demands for retort-packaged
foods with more natural features and better taste, ster-
ilisation has been made at a higher temperature for a
shorter time, or at an ultra-high temperature. On the
other hand, there has been a trend toward retort-
packaged foods without preliminary evacuation of
contents and a low temperature treatment at 110°C.
Efforts are being made to make materials aseptic and
secure commercial asepsis under less strict heating
conditions.

v
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Figure 5. The principle of Ohmic heating.
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Aseptically packaged food has a number of advan-
tages. It does not require a long sterilisation time.
Unlike retort sterilisation, it needs no heat-resistant
packaging materials, and large-size containers (such
as drums) can be used. In addition, this food can be
kept at room temperature for a long period. Because of
this, it has attracted much attention from the aspects of
both food quality improvement and energy saving and
many projects have been carried out regarding its
technical development. While various aseptic
packaging techniques, including Tetrapack and
Purepack, have been developed and technically estab-
lished (mostly for liquid food), technical development
activities are still continuing for the aseptic packaging
of solid food (clean packaging, semi-aseptic
packaging).

There are two main types of aseptically packaged
food. One of them is the food whose storage period is

extended under low-temperature conditions, e.g.
sliced ham and sliced cheese. The other is the food
which can be distributed at room temperatures, e.g.
aseptically packaged rice, by making the materials as
free as possible from contaminating microorganisms,
sterilising by cooking and successive pH control ,
applying deoxidisers, and packaging in an aseptic
room or through other treatments. It is an advanced
technology to keep packaged solid foods aseptic and a
new system is being introduced to cook the materials
by heat in a heat-resistant container like a retort
package.

In the general trend toward better quality food, new
technical development activities are erasing the
boundary between retort sterilisation and aseptic
packaging.
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Standards and Quality Assurance Systems for 
Horticultural Commodities

 

Ma. C.C. Lizada*

 

Abstract

 

Standards play a critical role in ensuring product safety and defining the competitiveness of horticultural
produce. Workable standards and their application will be instrumental in: 

• developing a culture of quality in horticultural enterprises and the consuming public;
• assuring safety and quality in horticultural perishables;
• expediting horticultural trade by serving as a common language and basis for pricing;
• ensuring success in the pooled marketing of products from associations of small farmers;
• adopting appropriate systems and applying technologies to meet market expectations and requirements;
• enhancing the image of the horticultural enterprises as reliable suppliers of quality products; and
• protecting the consumer from defective products and those that pose a risk to human, animal and plant

health and the environment.
The above contributions of workable standards in assuring quality throughout the handling chain and in

designing quality assurance systems for horticultural produce will be illustrated with specific examples. The
paper will also emphasise the importance of considering the production–marketing continuum in formulating
standards.

* Postharvest Technology Research Centre, University of 
the Philippines at Los Baños, College, Laguna, 
Philippines.
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Postharvest Handling Status and Problems
of the Pacific Island Countries

 

E. Cocker*

 

Abstract

 

The significance of proper postharvest handling is recognised globally for its ability to minimise losses.
Growers, exporters, packers, inspectors, distributors, carriers, and warehouse operators need to be aware of
proper methods and techniques of postharvest handling. Significant losses will continue to occur in the Pacific
Island countries for as long as non-technical personnel in the produce export industries remain unaware of the
elementary principles of postharvest handling.

 

P

 

ACIFIC

 

 I

 

SLAND

 

 countries have suffered greatly from
poor market support infrastructure to ensure proper
handling after harvest — there has been a chronic lack
of understanding of the basics of produce physiology
and produce–environment interactions, and the practi-
calities of postharvest handling, storage, and transport.
Recommendations for regional groundwork to
develop commercially practicable standards for
exportable produce have yet to be made. As a result,
there are high levels of losses and wastage of export
produce.

 

Background

 

An absence of accurate diagnosis, coupled with a lack
of cooperation between growers and exporters, has led
to a degree of misunderstanding amongst growers,
extension officers, inspectors, shipping companies,
and salesmen of the actual causes of wastage. Hence,
little progress has been made towards preventing of
damage and wastage.

This is the principal problem in the Pacific region.
Qualified technical officers seem to know enough of
what the postharvest handling problems are, how to
diagnose these problems, and possibly solve them, but
that is not enough. Professional technical advice and
crucial information are not reaching the rural commu-
nities, remote locations, and outer islands, where the
majority of growers live. A great number of these

growers do not understand why proper handling of
produce after harvesting is extremely important. 

Throughout the Pacific Island countries, cooper-
ation between growers, extension officers, and
exporters is declining rapidly. This is contributing to
low production yields, falling grades, a drop in quality
standards, and an increase in wastage. The problem is
currently affecting exports in a number of countries:
squash from Tonga to Japan; kava from Fiji, Tonga
and Vanuatu to the United States and Europe; copra
and cocoa from Solomon Islands; ginger from Fiji;
papaya from the Cook Islands; rootcrops and water-
melon from Tonga; and coffee from Papua New
Guinea to Europe.

Compounding the problem are new, ‘fly-by-night’
exporters who either fail altogether because they do
not understand the importance of proper treatment
after harvest, or make a lot of money for a short time,
then rapidly disappear. We can summarise the major
postproduction shortcomings throughout the Pacific
Island countries as follows.

•

 

Lack of understanding of postharvest handling
techniques

 

. Growers and exporters do not
understand postharvest handling requirements and
techniques, why they are important, and the
logistics needed.

•

 

Lack of consultation and feedback

 

. There is very
little feedback from the exporters to the growers.
Growers need to be kept informed regularly of the
importance of maintaining quality assurance, what* Forum Secretariat, Suva, Fiji.
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the market demand is, competition, price variations,
the supply situation, and so forth.

•

 

High operational costs

 

. There are few extension
offices to help the growers: they cost too much to
run, and there are few qualified people to staff them. 

•

 

Lack of technical and marketing information

 

, poor
support infrastructure, and lack of political and
bureaucratic support.

 

Lack of Understanding of 
Postharvest Handling Requirements: 

Its Significance and Logistics

 

In the Pacific, significant losses have occurred and will
continue to occur because most of the personnel
involved in export development are unaware of funda-
mental factors such as market requirements and the
principles of postharvest handling, and that the
produce they are dealing with is living, breathing
material that responds to changes in environmental
variables such as temperature and humidity and is
subject to infection by a range of microorganisms.

Most personnel have little or no knowledge about
measures to manage these processes so as to maintain
product quality and reduce losses. For example: there
is no understanding of, or facilities for, grading,
inspection, sorting at packinghouses; water used for
cleaning is often heavily charged with fungal and
bacterial spores; and foreign matter (such as hair and
animal faeces) is often found in export produce.

The significance of proper postharvest handling is
so great that, if it is not properly done, it may cause
severe losses. While it is understood that overall losses
due to poor postharvest handling are often substantial,
they are extremely difficult to quantify. Every year
there are thousands of kilograms of fresh and per-
ishable produce that are confiscated, rejected, and
destroyed because of poor handling and inappropriate
treatment after harvesting.

It is estimated that the cause of 90% of the confisca-
tions or rejections of shipments originating from the
Pacific is inappropriate handling after harvest,
resulting in dirt and mud (introduction of 

 

Salmonella

 

and 

 

Escherichia coli

 

); fishy smells; moulds and mites;
bacterial and fungal infections; bruising during
transport, loading and unloading; animal faeces;
spoilage due to improper temperature during storage;
spoilage due to poor packaging; and shrinkage due to
rough handling.

There have been instances of vanilla containers
being confiscated because of fishy smells, and the

presence of hair and other foreign material; containers
of ripe coconuts not de-eyed and cracked because of
excessive exposure to the sun; containers of
improperly cleaned, soil-contaminated taro; con-
tainers of yam with bruised skin, rotting, stones, and
soil; taro leaves that were excessively dehydrated
(moisture loss); containers of kava containing match-
sticks, soil, and animal faeces; containers of
watermelons spoiled because the wrong cooling tem-
perature was used; containers of frozen cassava
thawed because the electrical system on-board the ship
was mistakenly switched off; and many more. We
cannot afford to continue to incur the losses resulting
from errors and mishandling after harvest.

Understanding the logistics of every postharvest
handling stage handling is crucial, e.g. the weather,
relative humidity, sunrise and sunset, time and season
of the year, transportation time, using proper light for
inspection, packaging time, and chemical reactions.
These are the sorts of factors that most of the
inspectors, graders, packers, transporters, and loading
people are ignoring. While the logistics from har-
vesting to transport to packinghouses, cleaning and
inspection, grading and sorting, packing and loading
and then delivery to the market places is being
neglected by most growers, exporters, and shippers, a
breakdown in this handling and distribution chain will
inevitably cause severe damages and losses to every
shipment. 

Only by careful attention to all factors in the post-
harvest chain will unnecessary losses be reduced.

 

Lack of Feedback from Exporters/ 
Marketers to Growers, and 
Inconsistency in the Supply

of Quality Produce

 

Lack of feedback of information from exporters to
growers is a worsening problem. Growers are not
being properly advised, either by the extension
officers or by the exporters, on factors such as: what
quality is needed; the colour and size of produce pre-
ferred; when to harvest; where to transport the produce
after harvest; the best method of transport; which
district to harvest; the anticipated buying price; which
cultivars are suitable; where the inspection and trading
location will be; the exact date and time of buying; and
many other important logistical details.

Unclear messages and misinformation have caused
a great deal of frustration and considerable losses to
growers. Ginger farmers from the Western District of
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Fiji, for example, were prompted in error to harvest
their ginger, when it was those from the Central
District who should have been asked to do so; growers
harvested the white, pink-skin cassava instead of
yellow cassava only; growers transported their
produce to the Head Office instead of waiting in their
own village for the buying team to arrive; growers
harvested the large, long yams instead of the 1–2 kg
round yams. The result has been a reduction in
plantings and less interest in efforts to improve quality.
Some growers have switched to unreliable exporters.
In addition, the limited supply is being chased by too
many buyers (some ‘fly-by-nights’), driving up
buying prices and lowering grades and quality
standards. Growers can thus quickly become suppliers
of low quality produce.

The marketing system must be tightened and
constant communication between the local buyers/
exporters (assuming they know what the overseas
markets requirements are) and the growers is crucial.
The success of exports is highly dependent on constant
communication and close cooperation between the
growers, extension officers and inspectors, and
exporters. It is important for exporters to consult
growers regularly on quality — what is right and
wrong, and what are the specific requirements of the
markets. Also, growers must be given a quality
assessment of every batch of produce they deliver.
Growers need feedback and assessment of how they
are performing. They are also prepared to accept
criticism made in a spirit of helpfulness. 

There is no other solution but to forge much closer
links between exporters, extension officers, and
growers. It has to be an all-way communication
system. For Pacific suppliers to remain in the interna-
tional scene, they have consistently supply quality
produce, and that will entail close cooperation by all
parties involved.

There is a growing need for regular, hands-on
training in the remote and rural areas. To become
committed to production of quality produce, growers
must understand what it means. They must be taught
proper postharvest handling techniques, and have
some knowledge of physiological factors such as res-
piration, dehydration, temperature, and ethylene
production that affect product quality.

 

The Role of Extension Officers

 

A lack of extension officers is one of the major imped-
iments to export development in the Pacific region.
Growers from remote and outer islands are being dis-

advantaged by poor infrastructural support and lack of
proper technical advice on cropping and postharvest
handling techniques, crop management, and disease
control methods. Lack of technical advice results in
considerable wastage of exportable produce at rural
and remote areas, while resources, technical expertise,
and support facilities are usually well provided at
larger centres of population.

Throughout the Pacific region, there are serious
concerns about the:
• lack of trained and qualified extension officers;
• poor working facilities for extension officers;
• lack of trained workers in rural and remote areas,

including outer islands;
• problems with the electricity supply, inter-island

ferry services, communication means, water, and
domestic airline services; 

• insufficient funding for extension officers to
properly execute their duties; and

• abuse of power and improper use of limited
resources by extension officers.
When extension officers fail to consult regularly

with growers on quality specifications, harvest and
postharvest logistics, and transport to the market
places, the chain that links the growers, local
exporters, importers, retailers, and consumers is
broken. This must not be allowed to happen. Growers
rely on the help and regular technical and marketing
advice of extension officers.

In many cases, extension officers who are highly
qualified and motivated to provide all the services
needed are unable to do so because they have no
transport to allow them to make regular visits to the
farmers. A qualified officer alone is not sufficient. The
tools and facilities are the other half of the equation to
success.

 

Availability of Technical and 
Marketing Information

 

Limited access to much-needed information, which is
very costly to obtain, is another setback to growers. In
some cases, information is exchanged during kava
parties. Such information is usually unreliable,
invalid, and may cause frustration to the growers.

An information system is needed that can assure
timely delivery of critical technical and marketing
information. The information should be in bilingual
form. What is needed are details about market oppor-
tunities, consumers’ specific requirements, exporters’
and importers’ quality specifications, quarantine
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requirements, delivery dates, harvesting dates,
diseases and control measures, cropping techniques,
varieties that are susceptible to diseases, moisture
content requirements, and proper postharvest handling
methods. Such information is usually not available, or
only so at times when the competition is intense and
market demand has dropped. Timely availability of
important information is crucial in every aspect of
export trade.

It is also noted that 90% of growers in the Pacific are
subsistence farmers whose education does not go
beyond primary school or the early stages of high
school. As a result of this relatively low level of edu-
cation, there is always a need for closer supervision by
extension officers and exporters to ensure productivity
and quality production.

 

Government Support

 

Government support for the produce export industry,
an industry which has the potential to grow substan-
tially, is generally lacking.  Governments could facil-
itate the development of the industry by providing
financial support for improved infrastructure (e.g.
roads and wharves), processing facilities, and

research, development, and extension services. Gov-
ernments need to frame market-orientated policies that
will foster and promote, among other things, devel-
opment of a commercial environment conducive to
growth and prosperity.

 

Conclusion

 

In summary, growers, extension officers, inspectors
and exporters must be aware of the basic principles of
postharvest handling. They need to talk to each other
regularly and to share views, concerns, and expertise.
Growers need feedback, respect, and constant
dialogue on issues of mutual interest. The implemen-
tation of schemes to provide growers with continuing
hands-on training on all practical techniques of post-
harvest handling is strongly recommended. Also rec-
ommended are the implementation of a region-wide
service for identification of postharvest diseases and
disorders, and the regular provision of information on
import requirements and quality specifications to
growers and exporters.

Improved services by extension officers, together
with full support of governments, will help to facilitate
healthy growth in export development and trade.
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